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(S)  Novel  1,4-benzoquinone  derivatives  and  benzene  derivatives,  and  process  for  preparing  the  same. 

 1,4-Benzoquinone  derivatives  and  benzene  derivatives 
having  cerebral-  and  cardiac-blood  flow  improving  activities 
and  preventive  activities  of  cerebral  ischema  with  low 
toxicities,  and  thus  are  useful  as  activators  for  cardiac  and 
cebrat  metabolisms,  curing  agents  for  heart  failure,  cardiac 
and  cerebral  blood  flow  improving  agents,  as  well  as 
anti-allergic  agents  for  slow  reacting  allergy  (IV-type  allergy). 



FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   n o v e l   1 , 4 -  

b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e   d e r i v a t i v e s ,   a n d  

p r o c e s s   f o r   p r e p a r i n g   t h e   s ame ,   as   w e l l   as  to   a r a c h i d o n i c  

a c i d   5 - l i p o x y g e n a s e   i n h i b i t o r   c o n t a i n i n g   s a i d   d e r i v a t i v e  

as  t h e   a c t i v e   i n g r e d i e n t .  

The  1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e  

d e r i v a t i v e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   r e p r e s e n t e d   b y  

(1)  t h e   g e n e r a l   f o r m u l a   ( 1 ) ,  

[ w h e r e i n   R1  i s   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  
• 

an  amino  g r o u p ,   a  h y d r o x y l   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ;   R2  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r  

a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l  

g r o u p ,   a  l o w e r   a l k y l t h i o   g r o u p   o r   a  h y d r o x y - l o w e r   a l k y l  

g r o u p ;   R3  i s   a  h y d r o x y l   g r o u p ,   a  l o w e r   a l k y l   g r o u p ,   a  

l o w e r   a l k o x y  g r o u p ,   an  amino  g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ;  A   a n d  D   a r e   e a c h   an  a l k y l e n e   g r o u p   h a v i n g   1  to   10  

c a r b o n   a t o m s ;  B   i s   a  g r o u p   of  t h e   f o r m u l a   - C H = C H - ,  

-C=C-  or  - C H ( O H )  - C H  ( O H )  - ;  l   a n d  m   a r e   e a c h   z e r o   or  1;  a n d  



E  i s   a  g r o u p   of   t h e   f o r m u l a ,  .  

( ( w h e r e i n   R4  i s   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  

an  a m i n o   g r o u p ,   a  h y d r o x y l   g r o u p   o r   a  l o w e r   a l k a n o y l o x y  

g r o u p ;   R5  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r   a l k y l  

g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,  

a  l o w e r   a l k y l t h i o   g r o u p ,   a  h y d r o x y - l o w e r   a l k y l   g r o u p ,   a  

g r o u p   of   t h e   f o r m u l a   - G - C = C - R 7   ( w h e r e i n   G  i s   a  l o w e r   a l k y l e n e  

g r o u p ;   and   R7  i s   a  l o w e r   a l k y l   g r o u p ) ;   or   a  g r o u p   of   t h e  

f o r m u l a ,  

( w h e r e i n   L  i s   a  l o w e r   a l k y l e n e   g r o u p ;   and   R8  and   R9  a r e  

e a c h   a  l o w e r   a l k o x y   g r o u p ) ;   R6  i s   a  l o w e r   a l k y l   g r o u p ,   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   an  a m i n o   g r o u p   o r  

a  l o w e r   a l k a n o y l o x y   g r o u p ) )   o r   a  g r o u p   o f   t h e   f o r m u l a ,  

( w h e r e i n   R10  i s   a  h y d r o g e n   a tom  or   a  m e t h y l   g r o u p ) ,   a n d  

w h e n  l   i s   z e r o ,   t h e n   e i t h e r   one  or  b o t h   of   t h e   a l k y l e n e  

g r o u p   h a v i n g   1  to   10  c a r b o n   a t o m s   r e p r e s e n t e d   by  t h e  



s y m b o l s   A  and  D  m a y  h a v e   an  o x y g e n   a t o m ,   s u l f u r   a t o m . o r   a  

g r o u p   of  t h e   f o r m u l a   - S - S -   as  h e t e r o   a t o m s   in   t h e   a l k y l e n e  

c h a i n ;   p r o v i d e d   t h a t   w h e n  E   i s   a  g r o u p   of  t h e   f o r m u l a ,  

t h e n   A  and  D  a r e   e a c h   a  h e p t a m e t h y l e n e   g r o u p ;  l   a n d  m   a r e  

e a c h   1;  B  i s   a  g r o u p   of  t h e   f o r m u l a   -CH=CH- ;   R1  i s   a  

m e t h o x y   g r o u p ;   R2  i s   a  h y d r o g e n   a t o m ;   and  R3  i s   a  h y d r o x y l  

g r o u p ;   f u r t h e r m o r e ,   w h e n  m   i s   1,  t h e n  l ,   i s   z e r o   or  1;  a n d  

when  m  i s   z e r o   t h e n  l   i s   z e r o ] ,   p r o v i d e d   t h a t ,  

(i)   w h e n  l ,   i s   z e r o ,   t h e n   t h e   sum  of   n u m b e r   of   t h e   c a r b o n  

a t o m s   in   t h e   a l k y l e n e   g r o u p s   of  A  and  D  i s   1  t o   1 2 ;  

( i i )   when  B  i s   a  g r o u p   of  t h e   f o r m u l a   - C = C - ,   t h e n  

(a)  R 1  a n d   R4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  
2  3  5  ( b )  R 2 ,   R3,  R 5  a n d   R  s h o u l d   n o t   be  h y d r o g e n  

a+ cms,  f u r t h e r ,  

(c)  A  and  D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

s p e c t i v e l y ;  

( i i i )   when  B  i s   a  g r o u p   of   t h e  f o r m u l a   - C H = C H - ,   t h e n  

(a)  i n   t h e   c a s e   of  a n y  o n e   of   R1  and  R4  i s   a  

o w e r   a l k o x y   g r o u p ,   t h e n   t h e   o t h e r   one  s h o u l d   n o t   be  a  

Lower  a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   or  a  l o w e r   a l k a n o y l o x y  

g r o u p ,  

(b)  i n   t h e   c a s e   of  a n y  o n e   of  R2  and  R5  i s   a  

h y d r o g e n   a tom  or  a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n e  

s h o u l d   n o t   be  a  h y d r o g e n   a t o m ,  



(c)  i n   t h e   c a s e   of   a n y  o n e   o f   R3  and   R6  i s   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y  g r o u p   o r   a  l o w e r   a l k a n o y l -  

oxy  g r o u p ,   t h e n   t h e   o t h e r   one   s h o u l d   n o t   be  a  h y d r o x y l  

g r o u p   or   a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

(d)  A  and   D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ,   o r  

(2)  t h e   g e n e r a l   f o r m u l a   ( 2 ) ,  

[ w h e r e i n   R11  i s   a  h y d r o x y l   g r o u p   or   a  l o w e r   a l k o x y   g r o u p ;  

R12  i s   a  h y d r o g e n   a t o m ,   a  h y d r o x y l   g r o u p   o r   a  l o w e r   a l k o x y  

g r o u p ;   R13  i s   a  h y d r o g e n   a t o m   o r   an  a l k y l   g r o u p   h a v i n g   1 

to   8  c a r b o n   a t o m s ;   M  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  to   10  

c a r b o n   a t o m s ;   Q  i s   a  g r o u p   o f   t h e   f o r m u l a   -CH=CH- ,   - C = C - ,  

o r   - C H 2 - C H 2 - ] ,   p r o v i d e d   t h a t ,  

( i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   or   a  h y d r o x y l   g r o u p ,  

and  R12  i s   a  h y d r o x y l   g r o u p   or  a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of   t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   or   a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   and   R12  i s   a  h y d r o x y l  

g r o u p ,   t h e n   a  g r o u p   of  t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   b e  

)  a  8 - h e p t a d e c a n y l   g r o u p ,   o r  

(3)  t h e   g e n e r a l   f o r m u l a   (3 )  



[ w h e r e i n   R1,  R2,  R3,  A,  B,  D ,  l ,   a n d  m   a r e   t h e   same  a s  

d e f i n e d   a b o v e ;   R14  and  R15  a r e  e a c h   a  h y d r o g e n   a t o m ,   a  

m e t h o x y m e t h y l   g r o u p   or  a  l o w e r   a l k a n o y l   g r o u p ;   E1  i s   a  

g r o u p   of  t h e   f o r m u l a ,  

( ( w h e r e i n   R4  and  R6  a r e   t h e   same  as  d e f i n e d   a b o v e ;   R16 

and  R17  a r e   e a c h   a  h y d r o g e n   a t o m ,   a  m e t h o x y m e t h y l   g r o u p  

or   a  l o w e r   a l k a n o y l   g r o u p ;   R5a  i s   a  h y d r o g e n   a t o m ,   a  

h a l o g e n   a t o m ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,   a  l o w e r  

a l k o x y   g r o u p ,   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k y l t h i o  

g r o u p ,   a  h y d r o x y - l o w e r   a l k y l   g r o u p ,   a  g r o u p   of   t h e   f o r m u l a  

- G - C ≡ C - R 7   ( w h e r e i n   G  i s   a  l o w e r   a l k y l e n e   g r o u p ;   R7  i s   a  

l o w e r   a l k y l   g r o u p ) ,   or  a  g r o u p   of  t h e   f o r m u l a ,  

( w h e r e i n   L,  R8  and  R9  a r e   t h e   same  as  d e f i n e d   a b o v e ;   R18 

and  R19  a r e   e a c h   a  h y d r o g e n   a tom,   a  m e t h o x y m e t h y l   g r o u p  

or  a  l o w e r   a l k a n o y l   g r o u p ) ) ) ,   or  a  g r o u p   of   t h e   f o r m u l a ,  



( w h e r e i n   R10  i s   t h e   s ame   as  d e f i n e d   a b o v e ) ] ,   p r o v i d e d   t h a t  

( i )   w h e n  l .   i s   z e r o ,   t h e n   a l k y l e n e   g r o u p s   h a v i n g   1  to   1 0  

c a r b o n   a t o m s   r e p r e s e n t e d   by  t h e   s y m b o l s   A  and   D  may  h a v e  

an  o x y g e n   a t o m ,   s u l f u r   a t o m   or   a  g r o u p   o f   t h e   f o r m u l a  

- S - S -   as  h e t e r o   a t o m s   in   t h e   a l k y l e n e   c h a i n ;  

( i i )   when   t h e   s y m b o l   E  i s   a  g r o u p   of  t h e   f o r m u l a  

t h e n   A  and  D  a r e   h e p t a m e t h y l e n e   g r o u p s ,   r e s p e c t i v e l y ,  t  

i s   1,  m  i s   1,  R1  i s   a  m e t h o x y   g r o u p ,   R2  i s   a  h y d r o g e n  

a t o m ,   and  R3  i s   a  h y d r o x y l   g r o u p ;  

( i i i )   when   m  i s   1,  t h e n   l  i s   z e r o   or  1,  and  when   m  i s  

z e r o ,   t h e n  l ,   i s   z e r o ;   a n d  

( i v )   w h e n  l ,   i s   z e r o ,   t h e n   t h e   sum  of  n u m b e r   of   t h e   c a r b o n  

a t o m s   i n   t h e   a l k y l e n e   g r o u p s   of   A  and  D  i s   1  t o   1 2 ;  

(v)  when   B  i s   a  g r o u p   of   t h e   f o r m u l a   - C ≡ C - ,   t h e n  

(a)  R 1  a n d   R4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  

(b)  R2,  R3,  R5a  and  R   s h o u l d   n o t   be  h y d r o g e n  

a t o m s ,   f u r t h e r ,  

(c)  A  and  D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ;  

( v i )   when   B  i s   a  g r o u p   of   t h e   f o r m u l a   -CH=CH- ,   t h e n  



(a)  i n   t h e   c a s e   of   a n y  o n e   of  R1  and  R4  i s   a  l o w e r  

a l k o x y   g r o u p ,   t h e n   t h e   o t h e r   one   s h o u l d   n o t   be  a  l o w e r  

a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   or  a  l o w e r   a l k a n y l o x y   g r o u p ,  

(b)  in   t h e   c a s e   of   a n y  o n e   of  R2  and  R5a  i s   a  

h y d r o g e n   a tom  or   a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n e  

s h o u l d   no t   be  a  h y d r o g e n   a t o m ,  

(c)  in   t h e   c a s e   of  a n y  o n e   of  R3  and  R6  i s   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ,   t h e n   t h e   o t h e r   one   s h o u l d   n o t   be  a  h y d r o x y l   g r o u p  

or  a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

(d)  A  and  D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ,   o r  

(4)  t h e   g e n e r a l   f o r m u l a   ( 4 ) ,  

[ w h e r e i n   R11,   R12 ,   R13 ,   M  and  Q  a r e   t h e   same  as  d e f i n e d  

a b o v e ;   and  R20  and  R21  a r e   e a c h   a  h y d r o g e n   a tom  or  a  

m e t h o x y m e t h y l   g r o u p ] ,   p r o v i d e d   t h a t ,  

( i )   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   o r   a  h y d r o x y l   g r o u p ,  

and  R12  i s   a  h y d r o x y l   g r o u p   or   a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of  t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   or   a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   and  R12  i s   a  h y d r o x y l  

g r o u p ,   t h e n   a  g r o u p   of  t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   b e  

a  8 - h e p t a d e c a n y l   g r o u p ,   o r   p h a r m a c e u t i c a l l y   a c c e p t a b l e  

s a l t s   t h e r e o f .  



DESCRIPTION  OF  THE  PRIOR  ART 

A s t h m a   i s   a  d i s e a s e   of   a  p a t i e n t   h a v i n g  

h y p e r s e n s i t i v i t y   o f   b r o n c h i a l   a i r w a y s ,   and  i s   c h a r a c -  

t e r i z e d   by  a t t a c k s   of   d y s p n e a   due   to   i n c r e a s e   i n   v a s c u l a r  

p e r m e a b i l i t y   and   m u c o u s   s e c r e t i o n ,   c o n t r a c t i o n   o f   t h e  

b r o n c h i a l   s m o o t h   m u s c l e s   due   to   r e a c t i o n   of   t h e   b r o n c h i a l  

a i r w a y s   t o   i n h a l e d   or   i n g e s t e d   a l l e r g e n s   o r   n o n - s p e c i f i c  

s t i m u l a t i o n s   ( e . g . ,   a l g o r ,   e r s i c c a t i o n ,   e x s i c a t i o n   a n d  

t h e   l i k e ) .  

At  t h e   p r e s e n t   s t a g e ,   c e r t a i n   t y p e s   of   t h e r a p i e s  

s u c h   as  p h a r m a c o t h e r a p y ,   t h e r a p y   of  c h a n g e   of   a i r   f o r  

h e a l t h ,   d e s e n s i t i z a t i o n   t h e r a p y ,   p s y c h o t h e r a p y   and   t h e  

l i k e   a r e   s i n g l y   or   m u l t i p l y   c o n d u c t e d   f o r   t r e a t i n g   a n d  

c u r i n g   o f   a s t h m a ,   b u t   a n y   e f f e c t i v e   c u r i n g   m e t h o d   h a s   n o t  

b e e n   e s t a b l i s h e d   y e t .  

Among  v a r i o u s   k i n d s   of   a n t i a s t h m a t i c   a g e n t s ,  

b e t a - r e c e p t o r   s t i m u l a n t s ,   x a n t h i n e   p r e p a r a t i o n s ,  

s t e r o i d a l   p r e p a r a t i o n s ,   a n t i h i s t a m i n i c   a g e n t s ,   c h e m i c a l  

m e d i a t o r s   r e l e a s i n g   i n h i b i t o r s   and  o t h e r s   a r e   f r e q u e n t l y  

u s e d .   H o w e v e r ,   w o r k i n g   m e c h a n i s m s   of  t h e s e   a n t i a s t h m a t i c  

a g e n t s   h a v e   n o t   b e e n   s t u d i e d   w e l l ,   and  some  of   t h e m   a r e  

b e l i e v e d   as  f o l l o w s .   T h u s ,   t h e   b e t a - r e c e p t o r   s t i m u l a n t s  

may  i n c r e a s e   t h e   e n z y m a t i c   a c t i v i t y   of  a d e n y l c y c l a s e   a n d  

c h a n g e   ATP  ( a d e n o s i n e   t r i p h o s p a t e )   to   C-AMP  ( c y c l i c  
/  

a d e n o s i n e   m o n o p h o s p h a t e )   w h i c h   p o s s e s s e s   b r o n c h o d i l a t i o n  

a c t i v i t y .   The  x a n t h i n e   p r e p a r a t i o n s   may  i n h i b i t   t h e  

e n z y m a t i c   a c t i v i t y   of  p h o s p h o d i e s t e r a s e   w h i c h   c h a n g e s  

c-AMP  to  5 ' -AMP  h a v i n g   l e s s   b r o n c h o d i l a t i o n   a c t i v i t y ,   s o  



as  to   p e r f o r m   b r o n c h o d i l a t i o n .   The  a n t i h i s t a m i n i c   a g e n t s  

a n t a g o n i z e   t h e   a c t i v i t y   of   h i s t a m i n e   in   t h e   H I - r e c e p t o r ,  

so  t h a t   r e l i e v e   t h e   edema   of   t h e   b r o n c h i a l   m u c o u s   m e m b r a n e  

due  to   h i s t a m i n e - i n d u c e d   e x t r a v a s a t i o n   of  b l o o d   p l a s m a .  

The  c h e m i c a l   m e d i a t o r s   r e l e a s i n g   i n h i b i t o r s   i n h i b i t   t h e  

a s t h m a t i c   a t t a c k   by  c o n t r o l l i n g   t h e   r e l e a s i n g  o f   c h e m i c a l  

t r a n s m i t t e r   s u b s t a n c e s   r e l e a s e d   f rom  t h e   m a s t   c e l l s .  

V a r i o u s   k i n d s   of  t h e   a b o v e - m e n t i o n e d   a n t i a s t h m a t i c   a g e n t s  

h a v e   t h e i r   m e r i t s   and   d e m e r i t s ,   and  e a c h   o n e  o f   t h e m   m a y  

n o t   p e r f o r m   s u f f i c i e n t   c u r i n g   e f f e c t s .  

In  t h e   c o u r s e   of  p r o g r e s s   i n   t h e   r e s e a r c h   a n d  

d e v e l o p m e n t s   on  a n t i a s t h m a t i c   a g e n t s ,   t h e r e   h a s   b e e n  

i n d e n t i f i e d   s l o w   r e a c t i n g   s u b s t a n c e   of   a n a p h y l a x i s  

( h e r e i n a f t e r   r e f e r r e d   to   as  " S R S - A " )   w h i c h   i s   b e l i e v e d  

as  t h e   m a j o r   p a t h o g e n i c   s u b s t a n c e   of   a s t h m a ,   and  i s   o n e  

of  d e r i v a t i v e s   of   a r a c h i d o n i c   a c i d .   [Cf .   "KAGAKU-TO- 

SEIBUTSU"  ( C h e m i s t r y   &  B i o l o g y )   V o l .   20,  No.  11,   pp .   6 9 6 - 6 9 8  

( 1 9 8 2 ) ;   "TAISHA"  ( M e t a b o l i s m ) ,   V o l .   18 ,   N o .  4 ,   p p .   3 0 7 - 3 1 7  

( 1 9 8 1 ) ;   B.  S a m u e l s s o n   e t   a l . ,   P r o s t a g r a n d i n s ,   V o l .   1 7 ,  

N o .  6 ,   pp .   7 8 5 - 7 8 7   ( J u n e   1 9 7 9 ) ;   R.  C.  M u r p h y   e t   a l . ,   P r o c .  

N a t l .   A c a d .   S c i .   USA,  V o l .   76,   pp .   4275   ( 1 9 7 9 ) ] .  

"SRS-A"  r e s u l t s   edema  and  i n f l a m m a t i o n   o f  

b r o n c h i a l   m u c o u s   m e m b r a n e   and  c o n t r a c t i o n   of   t h e   b r o n c h i a l  

s m o o t h   m u s c l e s   w h i c h   a r e   t h e   m a j o r   s y m p t o m s   of   t h e   a s t h m a .  

[Cf .   A.  C.  P e a t f i e l d   e t   a l . ,   B r i t .   J .   P h a r m a c .   V o l .   7 7 ,  

pp .   3 9 1 - 3 9 3   ( 1 9 8 2 ) ;   M.  C.  H c l r o y d e   e t   a l . ,   A g e n t s   &  A c t i o n s ,  

V o l .   11,  pp.   5 7 3 - 5 7 4   ( 1 9 8 1 ) ;   and  Z.  Marom  e t   a l . ,   A m e r .  

Rev.   R e s p i r a t o r y   D i s e a s e s ,   V o l .   126 ,   pp .   449  ( 1 9 8 2 ) ] .  



As  t h e   r e s u l t s   of   e x t e n s i v e   s t u d i e s   on  a n t i -  

a s t h m a t i c   a g e n t s   f o r   c u r i n g   and-  t r e a t i n g   a s t h m a ,   i n  

c o n s i d e r a t i o n   of   t h e   a b o v e - m e n t i o n e d   p r i o r   a r t   s i t u a t i o n ,  

t h e   p r e s e n t   i n v e n t o r s   h a v e   e s t a b l i s h e d   an  i d e a   t h a t  

"SRS-A"  i s   b i o - s y n t h e s i z e d   f r o m   a r a c h i d o n i c   a c i d ,   a n d  

s a i d   b i o s y n t h e s i s   r e a c t i o n   i s   r e l a t e d   w i t h   an  e n z y m a t i c  

a c t i v i t y   o f   5 - l i p o x y g e n a s e ,   i n   o t h e r   w o r d s   t h e   f o r m a t i o n  

of   "SRS-A"   c a n   be  c o n t r o l l e d   by  i n h i b i t i n g   t h e   e n z y m a t i c  

a c t i v i t y   of   s a i d   5 - l i p o x y g e n a s e   w h i c h   w i l l   r e s u l t   t h e  

c u r i n g   and  t r e a t i n g   of   t h e   a s t h m a .   As  t h e   r e s u l t s   o f  

s t u d i e s   f o r   f i n d i n g   t h e   s u b s t a n c e s   w h i c h   w i l l   i n h i b i t   t h e  

e n z y m a t i c   a c t i v i t y   of   5 - l i p o x y g e n a s e ,   t h e   p r e s e n t   i n v e n t o r s  

h a v e   f o u n d   n o v e l   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and   b e n z e n e  

d e r i v a t i v e   as   w e l l   as  t h e i r   p h a r m a c e u t i c a l l y   a c c e p t a b l e  

s a l t s   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a s   (1)  t h r o u g h   ( 4 )  

as  m e n t i o n e d   a b o v e ,   w h i c h   a r e   q u i t e   u s e f u l   as  t h e   i n h i b i t o r  

of  e n z y m a t i c   a c t i v i t y   of   5 - l i p o x y g e n a s e ,   and  by  u se   o f  

t h e s e   n e w l y   f o u n d   d e r i v a t i v e s ,   t h e   f o r m a t i o n   of  " S R S - A "  

f rom  a r a c h i d o n i c   a c i d   i s   c o n t r o l l e d ,   so  t h a t   v a r i o u s  

d i s e a s e s   s u c h   as   a s t h m a ,   i n f l a m m a t i o n s ,   a l l e r g i e s   a n d -  

o t h e r s   c a u s e d   by  t h e   f o r m a t i o n   o f   "SRS-A"   can   e f f e c t i v e l y  

be  p r e v e n t e d   and   c u r e d .  

The  1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e  

d e r i v a t i v e s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   h a v e   o n l y  

q u i t e   low  t o x i c i t y ,   and  p o s s e s s   c e r e b r a l -   and  c a r d i a c -  

b l o o d   f l o w   i m p r o v i n g   a c t i v i t y   and  p r e v e n t i v e   a c t i v i t y  

of  c e r e b r a l   i s c h e m a ,   and  t h u s   t h e y   a r e   u s e f u l   as  a c t i v a t o r s  

f o r   c a r d i a c   and   c e r e b r a l   m e t a b o l i s m s ,   c u r i n g   a g e n t s   f o r  



h e a r t   f a i l u r e ,   c a r d i a c   and  c e r e b r a l   b l o o d   f l o w   i m p r o v i n g  

a g e n t s   as  w e l l   as  f o r   a n t i - a l l e r g i c   a g e n t s   f o r   s l o w  

r e a c t i n g   a l l e r g y   ( I V - t y p e   a l l e r g y ) .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

n o v e l   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and   b e n z e n e   d e r i v a t i v e s  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a s   ( 1 )  -   (4)  h a v i n g  u s e f u l  

p h a r m a c o l o g i c a l   a c t i v i t i e s .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   p r o c e s s e s   f o r   p r e p a r i n g   t h e   a b o v e - m e n t i o n e d   1 , 4 -  

b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e   d e r i v a t i v e s .  

F u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   p h a r m a c e u t i c a l   c o m p o s i t i o n s   c o n t a i n i n g   s a i d   1 , 4 -  

b e n z o q u i n o n e   d e r i v a t i v e s   a n d / o r   b e n z e n e   d e r i v a t i v e s   a s  

t h e   a c t i v e   i n g r e d i e n t .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e  

d e r i v a t i v e s   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a s   (1)  t o  

(4)  a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   e x a m p l e s   o f  

v a r i o u s   s u b s t i t u e n t s   in   t h e   f o r m u l a s   a r e   as  f o l l o w s .  

As  to   t h e   h a l o g e n   a t o m s ,   c h l o r i n e   a t o m ,   b r o m i n e  

a t o m ,   f l u o r i n e   a tom  and  i o d i n e   a tom  can  be  e x e m p l i f i e d .  

As  tc  t h e   l o w e r   a l k y l e n e   g r o u p ,   an  a l k y l e n e  

g r o u p   h a v i n g   1  to  6  c a r b o n   a t o m s ,   s u c h   as  m e t h y l e n e ,  

e t h y l e n e ,   t r i m e t h y l e n e ,   t e t r a m e t h y l e n e ,   p e n t a m e t h y l e n e ,  

h e x a m e t h y l e n e ,   2 - m e t h y l t r i m e t h y l e n e ,   1 - m e t h y l e t h y l e n e ,  



2 , 2 - d i m e t h y l t r i m e t h y l e n e   g r o u p s   and   o t h e r s   c an   be  e x e m -  

p l i f i e d .  

As  to   t h e   l o w e r   a l k y l   g r o u p ,   an  a l k y l   g r o u p  

h a v i n g   1  to   6  c a r b o n   a t o m s ,   s u c h   as  m e t h y l ,   e t h y l ,   n -  

p r o p y l ,   i s o p r o p y l ,   n - b u t y l ,   t e r t - b u t y l ,   i s o b u t y l ,   n -  

p e n t y l ,   n e o p e n t y l ,   i s o p e n t y l ,   1 , 1 - d i m e t h y l p r o p y l ,   1 , 2 -  

d i m e t h y l p r o p y l ,   n - h e x y l ,   1 , 2 - d i m e t h y l b u t y l ,   4 - m e t h y l p e n t y l  

g r o u p s   and  o t h e r s   can   be  e x e m p l i f i e d .  

As  to   t h e   l o w e r   a l k o x y   g r o u p ,   an  a l k o x y   g r o u p  

h a v i n g   1  to   6  c a r b o n   a t o m s ,   s u c h   as  m e t h o x y ,   e t h o x y ,  

n - p r o p o x y ,   i s o p r o p o x y ,   n - b u t o x y ,   t e r t - b u t o x y ,   i s o b u t o x y ,  

n - p e n t y l o x y ,   n e o p e n t y l o x y ,   i s o p e n t y l o x y ,   1 , 1 - d i m e t h y l -  

p r o p o x y ,   1 , 2 - d i m e t h y l p r o p o x y ,   n - h e x y l o x y ,   1 , 2 - d i m e t h y l -  

b u t o x y ,   4 - m e t h y l p e n t y l o x y   g r o u p s   and   o t h e r s   c a n   b e  

e x e m p l i f i e d .  

As  to   t h e   l o w e r   a l k a n o y l o x y   g r o u p ,   an  a l k a n o y l o x y  

g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   s u c h   as  f o r m y l o x y ,  

a c e t o x y ,   p r o p i o n y l o x y ,   n - b u t y r y l o x y ,   i s o b u t y r y l o x y ,  

v a l e r y l o x y ,   i s o v a l e r y l o x y ,   p i v a l o y l o x y ,   n - p e n t a n o y l o x y ,  

n - h e x a n o y l o x y   g r o u p s   and  o t h e r s   c a n   be  e x e m p l i f i e d .  

As  to   t h e   l o w e r   a l k y l t h i o   g r o u p ,   an  a l k y l t h i o  

g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   s u c h   as   m e t h y l t h i o ,  

e t h y l t h i o ,   n - p r o p y l t h i o ,   i s o p r o p y l t h i o ,   n - b u t y l t h i o ,  

i s o b u t y l t h i o ,   t e r t - b u t y l t h i o ,   i s o p e n t y l t h i c ,   n - h e x y l t h i o  

g r o u p s   and  o t h e r s   can   be  e x e m p l i f i e d .  

As  to   t h e   h y d r o x y - l o w e r   a l k y l   g r o u p ,   a  h y d r o x y -  

l o w e r   a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   s u c h   a s  

h y d r o x y m e t h y l ,   2 - h y d r o x y e t h y l ,   1 - h y d r o x y e t h y l ,   3 - h y d r o x y -  



p r o p y l ,   2 - h y d r o x y p r o p y l ,   1 - h y d r o x y p r o p y l ,   4 - h y d r o x y b u t y l ,  

5 - h y d r o x y p e n t y l ,   6 - h y d r o x y h e x y l ' g r o u p s   and  o t h e r s   can   b e  

e x e m p l i f i e d .  

As  to  t h e   l o w e r   a l k y l e n e   g r o u p ,   an  a l k y l e n e  

h a v i n g   1  to   10  c a r b o n   a t o m s ,   s u c h   as  m e t h y l e n e ,   e t h y l e n e ,  

t r i m e t h y l e n e ,   t e t r a m e t h y l e n e ,   p e t a m e t h y l e n e ,   h e x a -  

m e t h y l e n e ,   h e p t a m e t h y l e n e ,   o c t a m e t h y l e n e ,   n o n a m e t h y l e n e ,  

d e c a m e t h y l e n e ,   2 0 m e t h y l t e t r a m e t h y l e n e ,   3 - e t h y l p e t a m e t h y -  

l e n e ,   2 , 2 - d i m e t h y l t r i m e t h y l e n e   g r o u p s   and   o t h e r s   can   b e  

e x e m p l i f i e d .  

As  to  t h e   l o w e r   a l k o x y c a r b o n y l   g r o u p ,   a n  

a l k o x y c a r b o n y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s   in   t h e  

a l k o x y   m o i e t y ,   s u c h   as  m e t h o x y   c a r b o n y l ,   e t h o x y c a r b o n y l ,  

p r o p o x y c a r b o n y l ,   i s o p r o p o x y c a r b o n y l ,   b u t o x y c a r b o n y l ,  

t e r t - b u t o x y c a r b o n y l ,   p e n t y l o x y c a r b o n y l ,   h e x y l o x y c a r b o n y l  

g r o u p s   and  o t h e r s   can   be  e x e m p l i f i e d .  

The  1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e  

d e r i v a t i v e s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   can   b e  

p r e p a r e d   by  c h e m i c a l   s y n t h e t i c   m e t h o d s ,   and   some  of  t h e m  

c a n   a l s o   be  o b t a i n e d   by  e x t r a c t i n g   f r o m   n a t u r a l   r e s o u r c e s .  

T h e r e   a r e   v a r i o u s   m e t h o d s   f o r   p r e p a r i n g   by  c h e m i c a l  

s y n t h e s i s ,   and  e x a m p l e s   a r e   shown  as  f o l l o w s :  

R e a c t i o n   p r o c e s s   f o r m u l a - 1   and  r e a c t i o n   p r o c e s s  

f o r m u l a - 2   a r e   r e a c t i o n s   r e l a t i n g   to   o x i d a t i o n s   of  1 , 4 -  

h y d r o q u i n o n e   f o r   o b t a i n i n g   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s .  

At  t h e   f i r s t ,   t h e   m e t h o x y m e t h y l   g r o u p   w h i c h   i s   t h e  

p r o t e c t i n g   g r o u p   of  m o n o m e r   (7)  and  d i m e r   (5)  i s   r e m o v e d  

by  a  m e t h o d   of  common  d e m e t h o x y m e t h y l a t i o n   to   o b t a i n i n g  



h y d r o q u i n o n e   d e r i v a t i v e ,   and  s p e c i f i c a l l y ,   t h e   r e a c t i o n  

i s   c a r r i e d   o u t   by  an  a c i d   w i t h   m o n o m e r   (7)  and  d i m e r   ( 5 )  

in   a  s u i t a b l e   o r g a n i c   s o l v e n t .   As  to   t h e   s o l v e n t   u s e d  

in   t h i s   r e a c t i o n ,   a l c o h o l s   s u c h   as  m e t h a n o l ,   e t h a n o l ,  

i s o p r o p a n o l   and   o t h e r s ;   e t h e r s   s u c h   as   t e t r a h y d r o f u r a n ,  

d i e t h y l   e t h e r   and   o t h e r s ;   s a t u r a t e d   h y d r o c a r b o n s   s u c h   a s  

c y c l o h e x a n e ,   n - h e x a n e   and  o t h e r s ;   d i c h l o r o m e t h a n e ,  

a c e t o n i t r i l e   and   t h e   l i k e ;   and  m i x e d   s o l v e n t s   t h e r e o f  

c an   be  e x e m p l i f i e d .   As  t o   t h e   a c i d   u s e d   in   t h i s   r e a c t i o n ,  

t h e s e   known  in   t h e   a r t   c a n   be  s e l e c t e d   f r o m   a  w i d e   r a n g e  

t h e r e o f ,   f o r   e x a m p l e ,   m i n e r a l   a c i d s   s u c h   as  h y d r o c h l o r i c  

a c i d ,   h y d r o b r o m i c   a c i d ,   s u l f u r i c   a c i d ;   o r g a n i c   a c i d s   s u c h  

as   a c e t i c   a c i d ,   f l u o r o a c e t i c   a c i d ,   o x a l i c   a c i d   and  o t h e r s ;  

L e w i s   a c i d s   s u c h   as  b o r o n   t r i f l u o r i d e ,   a l u m i n i u m   c h l o r i d e  

can   be  e x e m p l i f i e d .   The  r a t i o   of   t h e   a m o u n t   of  t h e s e  

a c i d s   to   c o m p o u n d   (5)  or  c o m p o u n d   (7)  may  be  a t   l e a s t   a n  

e q u i m o l a r   q u a n t i t y   to   a n y  o n e   of  c o m p o u n d   (5)  and  ( 7 ) .  

The  r e a c t i o n   may  p r e f e r a b l y   be  c a r r i e d   o u t   i n  

an  i n e r t   g a s ,   s u c h   as   in   a r g o n   g a s   o r   n i t r o g e n   g a s .   T h e  

r e a c t i o n   i s   g e n e r a l l y   c a r r i e d   o u t   a t   a  room  t e m p e r a t u r e ,  

and   t h e   r e a c t i o n   may  be   c o m p l e t e d   w i t h i n   1  to   4  h o u r s .  

T h u s ,   1 , 4 - h y d r o q u i n o n e   d e r i v a t i v e   of   t h e   g e n e r a l   f o r m u l a  

(6)  and  of  t h e   g e n e r a l   f o r m u l a   (8)  c an   be  p r e p a r e d .  

N e x t ,   t h e   o x i d a t i o n s   of  c o m p o u n d   (6)  or  c o m p o u n d  

(8)  as  shown  in   r e a c t i o n   p r o c e s s   f o r m u l a - 1   and  -2  can   b e  

c a r r i e d   o u t   in   a  s u i t a b l e   s o l v e n t .   As  t c   t h e   o r g a n i c  

s o l v e n t   u s e d   in   t h e s e   r e a c t i o n s ,   t h o s e   u s e d   in   t h e   a b o v e -  

m e n t i o n e d   d e m e t h o x y m e t h y l a t i o n   c a n   a l s o   be  u s e d .   As  t o  



t h e   o x i d i z i n g   a g e n t s   any  known  m i l d   o x i d i z i n g   a g e n t   c a n  

be  s e l e c t e d   f rom  a  w i d e   r a n g e   and  u s e d ,   f o r   e x a m p l e ,   a i r ,  

o x y g e n   g a s ,   m a n g a n e s e   d i o x i d e   and  o t h e r s   can   be  e x e m p l i -  

f i e d .   The  o x i d a t i o n   i s   c a r r i e d   o u t   a t   a  room  t e m p e r a t u r e  

to   a b o u t   60°C ,   p r e f e r a b l y   a t   a  room  t e m p e r a t u r e ,   and  t h e  

r e a c t i o n   i s   c a r r i e d   o u t   f o r   1  to   10  h o u r s .   T h u s ,   t h e  

monomer   of  t h e   g e n e r a l   f o r m u l a   (2)  and   t h e   d i m e r   of  t h e  

g e n e r a l   f o r m u l a   (1)  can   be  o b t a i n e d .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1  

[ w h e r e i n   R1,  R2,  R3,  A,  B,  D,  E ,  l   and  m  a r e   t h e   same  a s  

)  d e f i n e d   a b o v e ;   R22  i s   a  m e t h o x y m e t h y l   g r o u p ;   E2  i s   a  g r o u p  

of  t h e   f o r m u l a ,  OR22 



( ( w h e r e i n   R4,  R6  and   R22  a r e   t h e   same  as  d e f i n e d   a b o v e ;  

R5b  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r   a l k y l  

g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  

a  l o w e r   a l k y l t h i o   g r o u p ,   a  h y d r o x y - l o w e r   a l k y l   g r o u p ,   a  

g r o u p   of  t h e   f o r m u l a   - G - C ≡ C - R 7   ( w h e r e i n   G  and  R7  a r e   t h e  

same  as  d e f i n e d   a b o v e ) ,   or   a  g r o u p   of   t h e   f o r m u l a ,  

( w h e r e i n   L,  R8,  R9  and   R22  a r e   t h e   same  as  d e f i n e d   a b o v e ) ) ) ,  

or   a  g r o u p   of   t h e   f o r m u l a ,  

( w h e r e i n   R10  i s   t h e   same  as  d e f i n e d   a b o v e ) ;  

] E3  i s   a  g r o u p   of  t h e   f o r m u l a ,  

( w h e r e i n   R4  and  R6  a r e   t h e   same  as  d e f i n e d   a b o v e ;   R50  i s  

a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r   a l k y l   g r o u p ,   a  

l o w e r   a l k o x y   g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,   a  l o w e r  

a l k y l t h i o   g r o u p ,   a  h y d r o x y - l o w e r   a l k y l   g r o u p ,   or   a  g r o u p  



of  t h e   f o r m u l a   - G - C ≡ C - R 7   ( w h e r e i n   G  and   R7  a r e   t h e   s a m e  

as  d e f i n e d   a b o v e ) ,   or   a  g r o u p   of   t h e   f o r m u l a  

( w h e r e i n   L,  R8  and   R9  a r e   t h e   same  as  d e f i n e d   a b o v e ) ) ) ;  

or  a  g r o u p   of   t h e   f o r m u l a ,  

( w h e r e i n   R 1 0  i s   t h e   same  as  d e f i n e d   a b o v e ) ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 2  



11  12  13  2 2  
[ w h e r e i n   R11,   R  ,   R13,   R 2 2 , M   and   Q  a r e   t h e   same  a s  

d e f i n e d   a b o v e . ] .  

Compound   (5)  and   c o m p o u n d   (7)  as  t h e   s t a r t i n g  

m a t e r i a l s   in   t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 1   and  -2  a r e  

n o v e l   c o m p o u n d s ,   and  t h e y   c an   be  p r e p a r e d   e a s i l y   by  t h e  

f o l l o w i n g   r e a c t i o n   p r o c e s s   f o r m u l a s .  

R e a c t i o n   p r o c e s s   f o r m u l a - 3 A  

[ w h e r e i n   R1,  R2,  R3,  A,  B,  D ,  l   and   m  a r e   t h e   same  a s  

d e f i n e d   a b o v e ;   R22  i s   a  m e t h o x y m e t h y l   g r o u p ;   X  i s   a  

)  h a l o g e n   a t o m ;   E2  i s   a  g r o u p   of   t h e   f o r m u l a ,  



or  a  g r o u p   of   t h e   f o r m u l a ,  

( w h e r e i n   R22 ,   R4,  R5b,   R 6  a n d   R10  a r e   t h e   same  as  d e f i n e d  

a b o v e ) ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 3 B  

[ w h e r e i n   R1,  R2,  R3,  R4,  R6 ,  R22,   A,  B,  X,  D ,  l ,  m,  R 5 b  

and  R5C  a r e   t h e   same  as  d e f i n e d   a b o v e ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A ,   t h e   r e a c t i o n  

of  c o m p o u n d   (9)  w i t h   c o m p o u n d   (10)  i s   c a r r i e d   o u t   i n   a  

s u i t a b l e   i n e r t   s o l v e n t ,   in  t h e   p r e s e n c e   of  a  b a s i c   c o m p o u n d  

a t   a  room  t e m p e r a t u r e   to   1 0 0 ° C   f o r   30  m i n u t e s   to   6  h o u r s .  

As  to   t h e   s o l v e n t   u s e d   in   t h i s   r e a c t i o n ,   any  common  s o l v e n t  



c a n   be  u s e d ,   f o r   e x a m p l e ,   e t h e r s   s u c h   as   t e t r a h y d r o f u r a n ,  

d i o x a n e ,   d i e t h y l   e t h e r   and   o t h e r s ;   s a t u r a t e d   h y d r o c a r b o n s  

s u c h   as  c y c l o h e x a n e ,   n - h e x a n e   and  o t h e r s ;   h a l o g e n a t e d  

h y d r o c a r b o n s   s u c h   as   m e t h y l e n e   c h l o r i d e   and  o t h e r s ;  

k e t o n e s   s u c h   as   a c e t o n e   and  o t h e r s ;   a r o m a t i c   h y d r o c a r b o n s  

s u c h   as  b e n z e n e   and  o t h e r s ;   p o l a r   s o l v e n t s   s u c h   a s  

h e x a m e t h y l p h o s p h o r y l   t r i a m i d e   and   o t h e r s   c a n   be  e x e m p l i -  

f i e d .   As  to   t h e   b a s i c   c o m p o u n d s   u s e d   i n   t h e   r e a c t i o n ,  

h y d r o x i d e   s u c h   as   s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e  

and   o t h e r s ;   c a r b o n a t e s   s u c h   as  s o d i u m   c a r b o n a t e ,   p o t a s s i u m  

c a r b o n a t e ,   s o d i u m   h y d r o g e n   c a r b o n a t e   and   o t h e r s ;   a l k a l i  

m e t a l   h y d r i d e s   s u c h   as  s o d i u m   h y d r i d e ,   p o t a s s i u m   h y d r i d e  

and   o t h e r s ;   a l k a l i   m e t a l s   s u c h   as  m e t a l l i c   s o d i u m ,   m e t a l l i c  

p o t a s s i u m   and  o t h e r s ;   a l c o h o l a t e s   s u c h   as   s o d i u m   m e t h y l a t e ,  

p o t a s s i u m   e t h y l a t e   and  o t h e r s ;   a m i n e s   s u c h   as  p y r i d i n e ,  

t r i e t h y l a m i n e   and   o t h e r s   c a n   be  e x e m p l i f i e d .   The  r a t i o  

of  t h e   a m o u n t   of   c o m p o u n d   1C)  and  t h e   b a s i c   c o m p o u n d   a r e  

a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   1  to  1 .5  t i m e s  

t h e   m o l a r   q u a n t i t y   p e r   one   h y d r o x y l   g r o u p   of   c o m p o u n d   ( 9 )  

may  be  u s e d .  

The  r e a c t i o n   of  c o m p o u n d   (11)  w i t h   compound   ( 1 2 )  

i s   c a r r i e d   o u t   i n   t h e   p r e s e n c e   of   a  s t r o n g   b a s i c   c o m p o u n d ,  

in   a  s u i t a b l e   i n e r t   s o l v e n t .   As  to   t h e   s o l v e n t s   u s e d   i n  

t h e   r e a c t i o n ,   e t h e r s   s u c h   as  t e t r a h y d r o f u r a n ,   d i e t h y l  

e t h e r   and  c t h e r s ;   s a t u r a t e d   h y d r o c a r b o n s   s u c h   as  c y c l o -  

h e x a n e ,   n - h e x a n e   and  o t h e r s ;   p o l a r   s o l v e n t s   s u c h   a s  

a m m o n i a ,   h e x a m e t h y l p h o s p h o r y l   t r i a m i d e   and  e t h e r s   can  b e  

e x a m p l i f i e d .   The  r e a c t i o n   i s   c a r r i e d   o u t ,   p r e f e r a b l y   b y  



d i s s o l v i n g   c o m p o u n d   (11)  in   an  o r g a n i c   s o l v e n t ,   t h e n   t h e  

s o l u t i o n   i s   c o o l e d   to  -30   to   - 1 0 0 ° C ,   n e x t   a  s t r o n g   b a s i c  

c o m p o u n d   i s   a d d e d   d r o p w i s e   to   t h i s   s o l u t i o n   by  t a k i n g   a  

t i m e   f o r   a b o u t   10  m i n u t e s   to   3  h o u r s   to   o b t a i n   an  o r g a n i c  

m e t a l   c o m p o u n d   of  c o m p o u n d   ( 1 1 ) .   As  to   t h e   s t r o n g   b a s i c  

c o m p o u n d   u s e d   i n   t h i s   r e a c t i o n ,   a l k y l   m e t a l   b a s i c   c o m p o u n d s  

s u c h   as  s e c - b u t y l l i t h i u m ,   t e r t - b u t y l l i t h i u m ,   n - b u t y l l i t h i u m -  

N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   and  o t h e r s ;   m e t a l  

h y d r i d e   s u c h   as  s o d i u m   h y d r i d e ;   a l k a l i   m e t a l s   s u c h  a s  

m e t a l l i c   s o d i u m ,   m e t a l l i c   l i t h i u m   and  o t h e r s   c an   b e  

e x e m p l i f i e d .   The  r a t i o   of  t h e   a m o u n t   of  t h e s e   s t r o n g  

b a s i c   c o m p o u n d   to   t h e   a m o u n t   of   c o m p o u n d   (11)  i s   a t   l e a s t  

an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   an  e q u i m o l a r   q u a n t i t y  

to   2  t i m e s   t h e   m o l a r   q u a n t i t y   to   t h e   l a t t e r   may  be  u s e d .  

The  r a t i o   of  t h e   a m o u n t   of   c o m p o u n d   (12)  to   t h e   a m o u n t  

of  c o m p o u n d   (11)  i s   a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,  

p r e f e r a b l y   1 . 5   to  2  t i m e s   t h e   m o l a r   q u a n t i t y   of  t h e   f o r m e r  

i s   u s e d   to  t h e   l a t t e r ,   and   t h e   r e a c t i o n   i s   c a r r i e d   o u t  

a t   - 7 8 ° C   to   6 0 ° C ,   p r e f e r a b l y   a t   - 7 8 ° C   to  a  room  t e m p e r -  

a t u r e   f o r   2  to   20  h o u r s   w i t h   s t i r r i n g   c o n d i t i o n .   T h i s  

r e a c t i o n   can   a d v a n t a g e o u s l y   be  c a r r i e d   o u t   i n   t h e   p r e s e n c e  

of  an  a l k a l i   m e t a l   i o d i d e   s u c h   as  s o d i u m   i o d i d e ,   p o t a s s i u m  

i o d i d e   and  o t h e r s   a n d / o r   h e x a m e t h y l p h o s p h o r y l   t r i a m i d e .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 3 B ,   t h e   r e a c t i o n   of  c o m p o u n d  

(14)  w i t h   c o m p o u n d   ( 1 0 ) ,   and  t he   r e a c t i o n   of   c o m p o u n d   ( 1 5 )  

w i t h   compound   (16)  a r e   c a r r i e d   o u t   u n d e r   r e a c t i o n   c o n d i -  

t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e   r e a c t i o n   of  c o m p o u n d  

(9)  w i t h   c o m p o u n d   ( 1 0 ) ,   and  t h e   r e a c t i o n   of   c o m p o u n d   ( 1 1 )  



w i t h   c o m p o u n d   (12)  i n   t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .  

By  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A   and  - 3 B ,   c o m p o u n d   ( 1 3 )  

and  c o m p o u n d   (17)  c a n   be  o b t a i n e d .  

R e a c t i o n   p r o c e s s   f o r m u l a - 4  

2  3  22  2 [ w h e r e i n   R1,  R2,  R3,  R 2 2 ,   A,  D,  E  a n d   X  a r e   t h e   same   a s  

d e f i n e d   a b o v e ;   and  B1  i s   a  g r o u p   of   t h e   f o r m u l a   - C ≡ C - ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 4 ,   t h e   r e a c t i o n  

of  c o m p o u n d   (18)  w i t h   c o m p o u n d   ( 1 9 ) ,   and  t h e   r e a c t i o n   o f  

c o m p o u n d   (18)  w i t h   c o m p o u n d   (21)  can   be  c a r r i e d   o u t   u n d e r  

r e a c t i o n   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e  

r e a c t i o n   of  c o m p o u n d   (11)  w i t h   c o m p o u n d   (12)  i n   t h e  

r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .   The  r e a c t i o n   of  c o m p o u n d  

(20A)  w i t h   c o m p o u n d   (20B)  i s   c a r r i e d   o u t   i n   a  s u i t a b l e  



i n e r t   s o l v e n t ,   f o r   e x a m p l e   e t h e r s   s u c h   as   t e t r a h y d r o f u r a n ,  

d i e t h y l   e t h e r   and  o t h e r s ;   s a t u r a t e d   h y d r o c a r b o n s   s u c h  

as  c y c l o h e x a n e ,   n - h e x a n e   and  o t h e r s ;   p o l a r   s o l v e n t s   s u c h  

as  a m m o n i a ,   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   and  o t h e r s .  

P r e f e r a b l y ,   t h e   r e a c t i o n   i s   c o n d u c t e d   by  d i s s o l v i n g  

c o m p o u n d   (20B)  i n   an  a n h y d r o u s   o r g a n i c   s o l v e n t ,   p r e f e r a b l y  

in   t h e   s t r e a m   of   an  i n e r t   g a s   s u c h   as   a r g o n   g a s ,   and  t h e  

s o l v e n t   i s   c o o l e d   b e l o w   0°C,  t h e n   a  s t r o n g   b a s i c   c o m p o u n d  

i s   a d d e d   d r o p w i s e   to   t h e   s o l u t i o n   i n   a b o u t   10  m i n u t e s   t o  

3  h o u r s   w i t h   s t i r r i n g   to   o b t a i n   an  a l k a l i   m e t a l   c o m p o u n d  

of  c o m p o u n d   ( 2 0 B ) .   As  to   t h e   s t r o n g   b a s i c   c o m p o u n d   u s e d  

in   t h i s   r e a c t i o n ,   any  s t r o n g   b a s i c   c o m p o u n d   e m p l o y e d   i n  

t h e   r e a c t i o n   f o r   o b t a i n i n g   c o m p o u n d   (20A)  f r o m   c o m p o u n d  

( 1 8 ) ,   and  t h e   a m o u n t   of  s a i d   s t r o n g   b a s i c   c o m p o u n d   i s  

a l s o   s i m i l a r   to   t h a t   e m p l o y e d   i n   t h e   r e a c t i o n   f o r   o b t a i n i n g  

c o m p o u n d   ( 2 0 A ) .   N e x t ,   to   t h e   t h u s   o b t a i n e d   r e a c t i o n  

m i x t u r e   was  a d d e d   d r o p w i s e   a  s o l u t i o n   o f   c o m p o u n d   ( 2 0 A )  

d i s s o l v e d   i n   t h e   same  o r g a n i c   s o l v e n t   u s e d   in   t h e   r e a c t i o n  

m i x t u r e   of  c o m p o u n d   ( 2 0 B ) ,   and  t h e   w h o l e   m i x t u r e   w a s  

s t i r r e d   a t   a  room  t e m p e r a t u r e   t o   6 0 ° C ,   p r e f e r a b l y   a t   a  

room  t e m p e r a t u r e   f o r   1  to   6  h o u r s .   In   t h i s   c a s e ,   t h e  

r e a c t i o n   i s   a d v a n t a g e o u s l y   be  c a r r i e d   o u t   i n   t h e   p r e s e n c e  

of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   i n   t h e   r e a c t i o n   s y s t e m .  

Compound  (22)  c an   t h u s   be  o b t a i n e d .  

The  r e a c t i o n   f o r   o b t a i n i n g   c o m p o u n d   (23B)  b y  

r e a c t i n g   c o m p o u n d   (22)  w i t h   c o m p o u n d   (23A)  can   be  c a r r i e d  

o u t   u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e  

r e a c t i o n   of   c o m p o u n d   (20A)  w i t h   c o m p o u n d   (20B)  to   p r e p a r e  



c o m p o u n d   ( 2 2 ) .  

R e a c t i o n   p r o c e s s   f o r m u l a - 5  

1  2  3  4  5b  6  22  
[ w h e r e i n   R  ,   R  ,   R3,  R  ,   R5b,   R  ,   A,  B,  D,  l ,   m,  R   a n d  

X  a r e   t h e   same  as  d e f i n e d   a b o v e ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 5 ,   t h e   r e a c t i o n  

o f   c o m p o u n d   (24)  w i t h   c o m p o u n d   ( 2 5 ) ,   and   t h e   r e a c t i o n   o f  

c o m p o u n d   (26)  w i t h   c o m p o u n d   (27)  c a n   be  c a r r i e d   o u t   u n d e r  

c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   i n   t h e   r e a c t i o n   o f  

c o m p o u n d   (11)  w i t h   c o m p o u n d   (12)  i n   t h e   r e a c t i o n   p r o c e s s  

f o r m u l a - 3 A .  



R e a c t i o n   p r o c e s s   f o r m u l a - 6  

[ w h e r e i n   R1,  R2,  R31  A,  B,  D,  l ,  m   and   X  a r e   t h e   s a m e  

as  d e f i n e d   a b o v e ] .  

In   t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 6 ,   t h e   r e a c t i o n  

of  compound   (28)  w i t h   c o m p o u n d   (29)  c a n  b e   c a r r i e d   o u t  

u n d e r   r e a c t i o n   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   i n  

t h e   r e a c t i o n   of   c o m p o u n d   (11)  w i t h   c o m p o u n d   ( 1 2 )  i n   t h e  

r e a c t i o n   p r o c e s s   f o r m u l a - 3 A ,   e x c e p t   t h a t   t h e   r a t i o   o f  

t h e   a m o u n t   of  t h e   c o m p o u n d   (28)  and   t h e   a m o u n t   of  t h e  

s t r o n g   b a s i c   c o m p o u n d   to   t h e   a m o u n t   of  c o m p o u n d   (29)  i s  

a t   l e a s t   2  t i m e s   t h e   m o l a r   q u a n t i t y ,   p r e f e r a b l y   2  t o   4 

t i m e s   t h e   m o l a r   q u a n t i t y   of   c o m p o u n d   ( 2 9 ) .  

R e a c t i o n   p r o c e s s   f o r m u l a - 7  



[ w h e r e i n   R1,  R3,  R22,   A,  D,  m  and  X  a r e   t h e   same  a s  

d e f i n e d   a b o v e ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 7 ,   t h e   r e a c t i o n  

of   c o m p o u n d   (31)  w i t h   c o m p o u n d   (32)  c an   be  c a r r i e d   o u t  

u n d e r   r e a c t i o n   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   i n  

t h e   r e a c t i o n   of   c o m p o u n d   (11)  w i t h   c o m p o u n d   (12)  in   t h e  

r e a c t i o n   p r o c e s s   f o r m u l a - 3 A ,   e x c e p t   t h a t   t h e   r a t i o   of   t h e  

a m o u n t   of  t h e   c o m p o u n d   (31)   and  t h e   a m o u n t   of   t h e   s t r o n g  

b a s i c   c o m p o u n d   t o   t h e   a m o u n t   of  c o m p o u n d   (32)  i s   a t   l e a s t  

3  t i m e s   t h e   m o l a r   q u a n t i t y ,   p r e f e r a b l y   3  to   6  t i m e s   t h e  

m o l a r   q u a n t i t y   of   c o m p o u n d   ( 3 2 ) .  

R e a c t i o n   p r o c e s s   f o r m u l a - 8  



[ w h e r e i n   R4,  R5b,  R 6  a n d   R22  a r e   t h e   same  as  d e f i n e d   a b o v e ,  

23  24 
and  R  ,   R24  a r e   e a c h   a  h y d r o g e n   a t o m   or   a  l o w e r   a l k y l  

g r o u p ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 8 ,   t h e   r e a c t i o n  

of  known  c o m p o u n d   (34)  w i t h   e t h y l e n e   o x i d e   (35)  f o r  

o b t a i n i n g   a l c o h o l   (36)  i s   c a r r i e d   o u t   by  f i r s t   d i s s o l v i n g  

c o m p o u n d   (34)  in   an  o r g a n i c   s o l v e n t   f o r   e x a m p l e   e t h e r s  

s u c h   as  t e t r a h y d r o f u r a n ,   d i e t h y l   e t h e r   or   t h e   l i k e ;  

s a t u r a t e d   h y d r o c a r b o n   s u c h   as   c y c l o h e x a n e ,   n - h e x a n e   o r  

t h e   l i k e ;   p o l a r   s o l v e n t   s u c h   as   a m m o n i a ,   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e   or  t h e   l i k e ,   p r e f e r a b l y   in   an  a n h y d r o u s  

o r g a n i c   s o l v e n t ,   and  p r e f e r a b l y   t h e   s o l u t i o n   i s   c o o l e d   t o  

-30   to   - 1 0 0 ° C ,   t h e n   a  s t r o n g   b a s e   i s   a d d e d   d r o p w i s e   t o  

t h i s   s o l u t i o n   in   a b o u t   10  m i n u t e s   t o   3  h o u r s   to   o b t a i n   a n  

o r g a n o m e t a l l i c   c o m p o u n d   of  c o m p o u n d   ( 3 4 ) .   As  to   t h e  

s t r o n g   b a s e   u s e d   in   t h i s   r e a c t i o n ,   a l k y l   m e t a l s   s u c h   a s  

s e c - b u t y l l i t h i u m ,   t e r t - b u t y l l i t h i u m   and  o t h e r s ;   a l k y l  

m e t a l   s a l t s   s u c h   as  n - b u t y l l i t h i u m - N , N , N ' , N ' - t e t r a -  

m e t h y l e n e d i a m i n e ;   a l k a l i   m e t a l s   or   a l k a l i   m e t a l   c o m p o u n d s  

s u c h   as  s o d i u m   h y d r i d e ,   m e t a l l i c   s o d i u m ,   m e t a l l i c   l i t h i u m  

and   o t h e r s   can   be  e x e m p l i f i e d .   The  s t r o n g   b a s e   i s   u s e d  

a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   an  e q u i m o l a r  

q u a n t i t y   to  2  t i m e s   t h e   m o l a r   q u a n t i t y   to   c o m p o u n d   ( 3 4 ) .  

N e x t ,   a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   1 .5   t o  

2 .0   t i m e s   t h e   m o l a r   q u a n t i t y   of   e t h y l e n e   o x i d e   (35)  i s  

a d d e d   to  t he   o r g a n o m e t a l l i c   c o m p o u n d   of  c o m p o u n d   (34)  t o  

o b t a i n   compound   ( 3 6 ) .   T h i s   r e a c t i o n   i s   c a r r i e d   o u t   a t  

a  room  t e m p e r a t u r e   to   6 0 ° C ,   p r e f e r a b l y   a t   a  room  t e m p e r a t u r e  



w i t h   s t i r r i n g   f o r   2  t o   20  h o u r s .  

In  t h e   a b o v e - m e n t i o n e d   r e a c t i o n ,   t h e   r e a c t i o n  

c a n   a d v a n t a g e o u s l y   be  c a r r i e d   o u t   by  a d d i n g   0 . 1   m o l a r  

q u a n t i t y   o f   b o r o n   t r i f l u o r i d e - e t h e r   to   c o m p o u n d   ( 3 4 )  

w i t h   a c c e l e r a t i o n   of  t h e   r e a c t i o n   v e l o c i t y .   F u r t h e r ,   t h e  

r e a c t i o n   c a n   a l s o   be  c a r r i e d   o u t   by  a d d i n g   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e   i n   t h e   r e a c t i o n   s y s t e m .  

In   t h e   r e a c t i o n   f o r   o b t a i n i n g   c o m p o u n d   (37)  f r o m  

c o m p o u n d   ( 3 4 ) ,   a l c o h o l   (37)   c a n  b e   p r e p a r e d  b y   u s i n g  

a l d e h y d e   (34A)  i n   p l a c e   of   e p o x y   c o m p o u n d   (35)  u s e d   i n  

t h e   r e a c t i o n   f o r  o b t a i n i n g   c o m p o u n d   (36)  f r o m   c o m p o u n d  

( 3 4 ) .  

R e a c t i o n   p r o c e s s   f o r m u l a - 9  

4  6  22  
[ w h e r e i n   R4,  R5b,   R  ,   R  ,   m,  A,  D  and  X  a r e   t h e   same  a s  



d e f i n e d   a b o v e ;   and  R25  i s   a  b e n z y l   g r o u p   or   a  t r i ( l o w e r  

a l k y l ) s i l y l   g r o u p ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 9 ,   t h e   r e a c t i o n  

of  c o m p o u n d   (38)  w i t h   a  h a l o g e n a t e d   e t h e r   c o m p o u n d   ( 3 9 )  

to   o b t a i n   c o m p o u n d   (40)  c a n   be  c a r r i e d   o u t   by  u s i n g   c o m -  

p o u n d   (39)  in   p l a c e   of  e t h y l e n e   o x i d e   u s e d   i n   t h e   r e a c t i o n  

of   c o m p o u n d   (34)  f o r   o b t a i n i n g   c o m p o u n d   (36)  i n   t h e  

r e a c t i o n   p r o c e s s   f o r m u l a - 8 ,   e x c e p t   t h a t   b o r o n   t r i f l u o r i d e -  

d i e t h y l   e t h e r   i s   n o t   e m p l o y e d .  

Among  t h e   c o m p o u n d s   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a   ( 4 0 ) ,   t h o s e   h a v i n g   t r i ( l o w e r   a l k y l ) s i l y l   g r o u p   i s  

r e a c t   w i t h   t e t r a - n - b u t y l a m m o n i u m   f l u o r i d e   i n   an  i n e r t  

s o l v e n t ,   p r e f e r a b l y   in   t h e   s t r e a m   of   i n e r t   g a s ,   s u c h   a s  

a r g o n   g a s   or   n i t r o g e n   g a s ,   g e n e r a l l y   a t   a  room  t e m p e r a t u r e  

f o r   30  m i n u t e s   to  2  h o u r s   to   o b t a i n   an  a l c o h o l   ( 4 1 ) .  

The  r a t i o   of  t h e   a m o u n t   of   t e t r a - n - b u t y l a m m o n i u m  

f l u o r i d e   to   t h e   a m o u n t   of  t r i ( l o w e r   a l k y l ) s i l y l   d e r i v a t i v e  

of  c o m p o u n d   (40)  i s   1 .0   to   1 . 5   m o l a r   q u a n t i t y   to   t h e  

l a t t e r .  

Among  c o m p o u n d s   ( 4 0 ) ,   t h o s e   h a v i n g   b e n z y l   g r o u p  

as  t o   t h e   s y m b o l   R25  c a n   be   c a t a l y t i c a l l y   r e d u c e d   i n   a n  

i n e r t   s o l v e n t   s u c h   as  a l c o h o l s ,   e t h e r s ,   e s t e r s ,   i n   t h e  

p r e s e n c e   of   a  c a t a l y s t   s u c h   as  p a l l a d i u m - c h a r c o l   or  t h e  

l i k e ,   u n d e r   1  a t m o s p h e r i c   p r e s s u r e   of  h y d r o g e n   g a s   t o  

o b t a i n   c o m p o u n d   (41)  as  in   t h e   f o r m   of  a l c o h o l   c o m p o u n d .  



R e a c t i o n   p r o c e s s   f o r m u l a - 1 0  

[ w h e r e i n   R4,  R5b ,   R 6  a n d   R22  a r e   t h e   same  as  d e f i n e d  

a b o v e ;   and   A1  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  to   12  c a r b o n  

a t o m s ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 1  

[ w h e r e i n   R4,  R5b,   R6  and   R22  a r e   t h e   same  a s  d e f i n e d  [ w h e r e i n   R4,  R 5 b   R  and   a r e   t h e   same  as  d e f i n e d  

a b o v e ] .  

By  o x i d a t i o n   of  a l c o h o l s   ( 3 6 ) ,   ( 3 7 ) ,   (41)  a n d  

(42)   r e s p e c t i v e l y   p r e p a r e d   i n   r e a c t i o n   p r o c e s s   f o r m u l a - 8 ,  

-9  and   - 1 0 ,   t h e   c o r r e s p o n d i n g   c a r b o n y l   d e r i v a t i v e s   c a n  

be  o b t a i n e d .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 1 0 ,   t h e   o x i d a t i o n  

i s   c a r r i e d   o u t   by  r e a c t i o n   of   c o m p o u n d   (42)  w i t h   a n  

o x i d i z i n g   a g e n t   i n   an  i n e r t   s o l v e n t   m e n t i o n e d   a b o v e   a t  

0°C  to  a  room  t e m p e r a t u r e   f o r   a b o u t   30  m i n u t e s   to   2  h o u r s .  



As  t o   t h e   o x i d i z i n g   a g e n t   u s e d   in   t h i s   r e a c t i o n ,   p y r i d i n i u m  

c h l o r o c h r o m a t e   and  o t h e r s   can   be  e x e m p l i f i e d .   The  r a t i o  

of  t h e   a m o u n t   of  t h e   o x i d i z i n g   a g e n t   to   1  m o l e   of   c o m p o u n d  

(42)  may  be  2  to   10  t i m e s   t h e   m o l a r   q u a n t i t y .   The  c o r r e -  

s p o n d i n g   a l d e h y d e   (43)  can   be  t h u s   p r e p a r e d .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 1   i s   a  r e a c t i o n   f o r  

o b t a i n i n g   t h e   c o r r e s p o n d i n g   b e n z a l d e h y d e   (45)  d i r e c t l y  

f r o m   c o m p o u n d   ( 4 4 ) .   T h u s ,   t h e   b e n z a l d e h y d e   (45)  c a n  b e  

p r e p a r e d   by  r e a c t i o n   of  c o m p o u n d   (44)  w i t h   a  s t r o n g   b a s e  

in   an  i n e r t   s o l v e n t   u n d e r   an  i n e r t   gas   s t r e a m   to   o b t a i n  

t h e   o r g a n o m e t a l l i c   c o m p o u n d   of  c o m p o u n d   ( 4 4 ) ,   n e x t  

N , N - d i m e t h y l f o r m a m i d e   (DMF)  i s   r e a c t e d   t h e r e w i t h   a t   - 3 0  

to  - 1 0 0 ° C   f o r   2  to   6  h o u r s   to   o b t a i n   t h e   b e n z a l d e h y d e  

( 4 5 ) .   T h i s   r e a c t i o n   can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s  

s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e   r e a c t i o n   f o r   o b t a i n i n g  

c o m p o u n d   (36)  f rom  c o m p o u n d   (34)  in   t h e   r e a c t i o n   p r o c e s s  

f o r m u l a - 8 ,   e x c e p t   t h a t   D14F  i s   u s e d   in   p l a c e   of   e t h y l e n e  

o x i d e   u s e d   t h e r e i n .   The  r a t i o   of  t h e   a m o u n t   of  DMF  u s e d  

to  1  m o l e   of   c o m p o u n d   (34)  may  be  a t   l e a s t   an  e q u i m o l a r  

q u a n t i t y ,   p r e f e r a b l y   1 . 2   to   1 . 5   t i m e s   t h e   m o l a r   q u a n t i t y .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 2  



[ w h e r e i n   R4,  RSb,  R 6  a n d   R22  a r e   t h e   same   as  d e f i n e d   a b o v e ;  

n  i s   z e r o   or   1;  R26  i s   a  l o w e r   a l k y l   g r o u p ;   and  A1'  i s   a n  

a l k y l e n e   g r o u p   h a v i n g   1  t o   9  c a r b o n   a t o m s ] .  

The  c a r b o n y l   c o m p o u n d s   p r e p a r e d   i n   t h e   r e a c t i o n  

p r o c e s s   f o r m u l a - 1 0   and  - 1 1   c a n   be  t r e a t e d   by  a  m e t h o d  

i n   r e a c t i o n   p r o c e s s   f o r m u l a - 1 2   f o r   t h e   p u r p o s e   of  i n c r e a s i n g  

t h e   n u m b e r   of   c a r b o n   a t o m s   i n   t h e   s i d e   c h a i n .   T h i s   r e a c t i o n  

i s   an  e x a m p l e   of   t h e   r e a c t i o n s   f o r   i n c r e a s i n g   t h e   n u m b e r  

of   c a r b o n   a t o m s   in   t h e   c a r b o n   c h a i n ,   and  any  r e a c t i o n  

u s e d   f o r   t h i s   p u r p o s e   c a n   be  a p p l i e d .   F o r   e x a m p l e ,   t h e r e  

i s   k n o w n   a  m e t h o d   f o r   r e a c t i o n   of   an  a l d e h y d e   b o d y   ( 4 6 )  

w i t h   an  e s t e r   of  m a l o n i c   a c i d ,   or   a  m e t h o d   f o r  r e a c t i o n  

of   an  a l d e h y d e   (46)  w i t h   a  W i t t i n g   r e a g e n t .   R e a c t i o n  

p r o c e s s   f o r m u l a - 1 2   s h o w s   t h e   f o r m e r   m e t h o d .   T h u s ,   c o m -  

p o u n d   (47)  can   be  p r e p a r e d   by  r e a c t i o n   of   c o m p o u n d   ( 4 6 )  

w i t h   M e l d r u m ' s   a c i d   ( 2 , 2 - d i m e t h y l - l , 3 - d i o x a n e - 4 , 6 - d i o n e )  



in   an  i n e r t   s o l v e n t ,   s u c h   as  a  h a l o g e n a t e d   h y d r o c a r b o n ,  

in   t h e   p r e s e n c e   of  a  b a s e ,   s u c h - a s   p y r i d i n e ,   t r i e t h y l a m i n e  

or  t h e   l i k e ,   a t   a  r e a c t i o n   t e m p e r a t u r e   c o n d i t i o n   a b o u t  

a  room  t e m p e r a t u r e   to   100°C  f o r   0 . 5   t o   2  h o u r s .   T h e  

r a t i o   of  t he   a m o u n t   of   M e l d r u m ' s   a c i d   to   1  mo le   of  c o m p o u n d  

(46)  i s   a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   1 . 2   t o  

1 . 5   t i m e s   t h e   m o l a r   q u a n t i t y .  

The  c o m p o u n d   (47)  t h u s   p r e p a r e d   r e a c t s   w i t h   a  

r e d u c i n g   a g e n t ,   s u c h   as  s o d i u m   b o r o h y d r i d e   i n   an  a l c o h o l  

s o l v e n t ,   s u c h   as  m e t h a n o l   t o   g i v e   a  c o m p o u n d   i n   w h i c h   t h e  

c a r b o n - c a r b o n   d o u b l e   b o n d   i s   r e d u c e d .   D e c a r b o x y l a t i o n  

of   s a i d   r e d u c e d   c o m p o u n d   in   t h e   p r e s e n c e   of   a  m e t a l l i c  

c a t a l y s t ,   s u c h   as  c o p p e r   p o w d e r   i n   a  m i x e d   s o l v e n t   o f  

an  a l c o h o l ,   s u c h   as  e t h a n o l   w i t h   a  b a s i c   s o l v e n t   s u c h   a s  

p y r i d i n e   a t   a  t e m p e r a t u r e   c o n d i t i o n   a b o u t   80  to   1 5 0 ° C ,  

f o r   5  to   15  h o u r s   by  h e a t i n g   g i v e   a  c o m p o u n d   ( 4 8 ) .  

Then  c o m p o u n d   (48)  r e a c t s   w i t h   a  r e d u c i n g   a g e n t ,  

s u c h   as  l i t h i u m   a l u m i n i u m   h y d r i d e   i n   an  i n e r t   s o l v e n t  

as  m e n t i o n e d   a b o v e ,   s u c h   as  t e t r a h y d r o f u r a n ,   to   g i v e   a n  

a l c o h o l   ( 4 9 ) .  

The  a l c o h o l   (49)  i s   t h e n   o x i d i z e d   by  a  m e t h o d  

s i m i l a r   to   t h a t   d e s c r i b e d   i n   t h e   a b o v e - m e n t i o n e d   r e a c t i o n  

p r o c e s s   f o r m u l a - 1 0   to   c o n v e r t   i n t o   an  a l d e h y d e ,   t h e n  

s i m i l a r   p r o c e d u r e   i s   a g a i n   c o n d u c t e d   to   o b t a i n   an  a l c o h o l  

b o d y   compound   h a v i n g   l o n g e r   s i d e   c h a i n   in   w h i c h   t h e   n u m b e r  

of  c a r b o n   a t o m s   i s   i n c r e a s e d .  

A  m e t h o d   f o r   o b t a i n i n g   a  h a l i d e   (51)  f rom  a n  

a l c o h o l   (50)  i s   shown   i n   r e a c t i o n   p r o c e s s   f o r m u l a - 1 3  



as   f o l l o w s .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 3  

[ w h e r e i n   R4,  R5b,   R6,  R22  and  X  a r e   t h e   same  as  d e f i n e d  

a b o v e ;   and   A2  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  t o   12  c a r b o n  

a t o m s ] .  

In  r e a c t i o n   p r o c e s s   f o r m u l a - 1 3 ,   an  a l c o h o l   ( 5 0 )  

i s   r e a c t s   w i t h   a  h a l o g e n a t e d   a l k y l s u l f o n y l   c o m p o u n d   i n   t h e  

a b o v e - m e n t i o n e d   i n e r t   s o l v e n t ,   e s p e c i a l l y   i n   a  h a l o g e n a t e d  

h y d r o c a r b o n   s u c h   as  d i c h l o r o m e t h a n e   or   t h e   l i k e ;   a n  

e t h e r   o r   a  s a t u r a t e d   h y d r o c a r b o n   s o l v e n t ,   in   t h e   p r e s e n c e  

of   a  b a s i c   c o m p o u n d ,   a t   0°C  to   a b o u t   a  room  t e m p e r a t u r e  

f o r   5  t o   10  h o u r s   to   g i v e   an  i n t e r m e d i a t e   i n   w h i c h   t h e  

h y d r o x y l   g r o u p   i s   s u b s t i t u t e d   w i t h   an  a l k y l s u l f o n y l   g r o u p .  

Then   s a i d   a l k y l s u l f o n y l a t e d   c o m p o u n d   r e a c t s   w i t h   an  a l k a l i  

m e t a l   h a l o g e n i d e   t o   o b t a i n   a  h a l o g e n a t e d   c o m p o u n d   ( 5 1 ) .  

As  to   t h e   h a l o g e n a t e d   a l k y l s u l f o n y l   c o m p o u n d   u s e d   i n   t h i s  

r e a c t i o n ,   a  l o w e r   a l k a n e s u l f o n y l   h a l i d e ,   s u c h   as  m e t h a n e -  

s u l f o n y l   c h l o r i d e ,   e t h a n e s u l f o n y l   c h l o r i d e   and  o t h e r s ,  

an  a r o m a t i c   s u l f o n y l   h a l i d e   s u c h   as   b e n z e n e s u l f o n y l  

c h l o r i d e ,   p - t o l u e n e s u l f o n y l   c h l o r i d e   or   t h e   l i k e   may  b e  

e x e m p l i f i e d .   As  t o   t h e   b a s e   u s e d   i n   t h i s   r e a c t i o n ,   a  



t r i - l o w e r   a l k y l a m i n e   s u c h   as  t r i e t h y l a m i n e   or  t h e   l i k e ;   o r  

an  a r o m a t i c   a m i n e   such   as  p y r i d i n e   or   t h e   l i k e   may  b e  

e x e m p l i f i e d .   As  to   t h e   a l k a l i   m e t a l   h a l i d e ,   s o d i u m   i o d i d e ,  

p o t a s s i u m   i o d i d e ,   l i t h i u m   b r o m i d e ,   - l i t h i u m   c h l o r i d e   o r  

t h e   l i k e   may  be  e x e m p l i f i e d .   The  r a t i o   of  t h e   a m o u n t   o f  

t h e   h a l o g e n a t e d   a l k y l s u l f o n y l   c o m p o u n d   to   1  m o l e   of   c o m -  

p o u n d   (50)  m a y  b e   1 .2   to   1 . 5   t i m e s   t h e   m o l a r   q u a n t i t y ,  

and  t h e   r a t i o   of  t h e   a m o u n t   of  t h e   a l k a l i   m e t a l   h a l o g e n i d e  

to  1  m o l e   of   c o m p o u n d   (50)  may  be  1 . 2   to   2 .0   t i m e s   t h e  

m o l a r   q u a n t i t y .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 4  



1  2  3  22  2  3 
[ w h e r e i n   R1,  R2,  R3,  R22,   A,  D,  E2 a n d   E  a r e   t h e   same  a s  

d e f i n e d   a b o v e ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 5  

11  12  13  2 2  
[ w h e r e i n   R11,   R 1 2 ,  R 1 3 ,   R 2 2  a n d  M   a r e   t h e   same  a s  

d e f i n e d   a b o v e ] .  

As  shown   i n   r e a c t i o n   p r o c e s s   f o r m u l a - 1 4   and  - 1 5 ,  

t h e   r e a c t i o n s   f o r   o b t a i n i n g   c o m p o u n d s   ( 5 4 ) ,   ( 5 5 ) ,   (58)  a n d  

(59)   by  r e d u c i n g   c a t a l y c a l l y   e a c h   of   c o m p o u n d s   ( 5 2 ) ,   ( 5 3 ) ,  

(56)  o r   (57)  c a n   be  c a r r i e d   o u t   i n   t h e   p r e s e n c e   of  a  

I  s u i t a b l e   c a t a l y s t   i n   an  o r g a n i c   s o l v e n t .   As  to   t h e  

c a t a l y s t   u s e d   in   t h i s   r e a c t i o n ,   any  k n o w n   c a t a l y s t   w h i c h  

c a n   be  a b l e   to   r e d u c e   t h e   t r i p l e   c a r b o n - c a r b o n   bond  i n  



t h e   s t a r t i n g   m a t e r i a l   t o   t h e   c o r r e s p o n d i n g   d o u b l e   b o n d  

can   be  s e l e c t e d   f r o m   a  w i d e   r a n g e   and   c an   be  u s e d .  

S p e c i f i c a l l y ,   L i n d l a r   c a t a l y s t ,   p a l l a d i u m - b a r i u m   s u l f a t e -  

q u i n o l i n e   c a t a l y s t   and   o t h e r s   can   be  e x e m p l i f i e d .   As  t o  

t h e   s o l v e n t   u s e d   i n   t h i s   r e a c t i o n ,   a l c o h o l s   s u c h   a s  

m e t h a n o l ,   e t h a n o l   and   o t h e r s ;   e s t e r s   of   a c e t i c   a c i d   s u c h  

as  e t h y l   a c e t a t e   and  o t h e r s ;   and   e t h e r s   s u c h   as  t e t r a -  

h y d r o f u r a n ,   d i e t h y l   e t h e r   and   o t h e r s   can   be  e x e m p l i f i e d .  

The  r e a c t i o n   c a n   p r e f e r a b l y   be  c a r r i e d   o u t  i n  

h y d r o g e n   gas   s t r e a m   u n d e r   an  a t m o s p h e r i c   p r e s s u r e ,   a t  

0°C  to   a b o u t   a  room  t e m p e r a t u r e ,   and   t h e   r e a c t i o n   i s  

c o m p l e t e d   in   a b o u t   1  t o . 6   h o u r s .  

The  d e m e t h o x y m e t h y l a t i o n   of   c o m p o u n d s   ( 5 2 ) ,   ( 5 4 ) ,  

(56)  or  (58)  c an   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r  

to   t h o s e   e m p l o y e d   i n   t h e   d e m e t h o x y m e t h a l a t i o n   of   c o m p o u n d  

(5)  in   r e a c t i o n   p r o c e s s   f o r m u l a - 1 .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 6  



2  3  4  5b  5c  6  2 2  
[ w h e r e i n   R1,  R  ,   R  ,   R  ,   R5b,   R5c,   R  a n d   R  a r e   t h e  

same  as  d e f i n e d   a b o v e ;   A3  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  

to   11  c a r b o n   a t o m s ;   and   n  i s   z e r o   or   1 ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 6   i s   a  r e a c t i o n   f o r  

p r e p a r i n g   c o m p o u n d   (58)   by  u s i n g   c o m p o u n d   (56)  and  ( 5 7 )  

as  t h e   s t a r t i n g   m a t e r i a l s .   T h u s ,   c o m p o u n d   (58)  c an   b e  

p r e p a r e d   by  r e a c t i o n   o f   c o m p o u n d   (56)  w i t h   c o m p o u n d   ( 5 7 )  

u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   i n   t h e   r e a c t i o n  

of  c o m p o u n d   (34)  w i t h   c o m p o u n d   (34A)  i n   r e a c t i o n   p r o c e s s  

f o r m u l a - 8 .  

N e x t ,   t h e   t h u s   o b t a i n e d   c o m p o u n d   (58)   r e a c t s   i n  

an  i n e r t   s o l v e n t   as   m e n t i o n e d   a b o v e ,   s u c h   as   m e t h y l e n e  

c h l o r i d e ,   or  w i t h o u t   t h e   s o l v e n t ,   in   t h e   p r e s e n c e   of  a n  

a c i d   w i t h   a  r e d u c i n g   a g e n t   a t   0°C  to  a  room  t e m p e r a t u r e  

f o r   1  to   5  h o u r s   t o   g i v e   p a r a h y d r o q u i n o n e   (59)   i n   w h i c h  



t h e   h y d r o x y l   g r o u p s   a r e   r e m o v e d   r e d u c t i v e l y ,   and   a t   t h e  

same  t i m e   t h e   p r o t e c t i v e   g r o u p s - o f   R22  a r e   r e m o v e d .   A s  

to  t h e   r e d u c i n g   a g e n t   u s e d   in   t h i s   r e a c t i o n ,   t r i e t h y l -  

s i l a n e   and  o t h e r s   can   be  e x e m p l i f i e d .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 7  

[ w h e r e i n   R1,  R2,  R3,  R4,  R5b,   R  a n d   R22  a r e   t h e   same  a s  

d e f i n e d   a b o v e ;   e i t h e r   one   of  Y1  and  Y2  i s   a  h y d r o x y l   g r o u p  

or   a  g r o u p   of  t h e   f o r m u l a   -SH,  or  a n o t h e r   one   i s   a  h a l o g e n  

a t o m ;   and   A4  and  A5  a r e   e a c h   an  a l k y l e n e   g r o u p   h a v i n g   1 

to  10  c a r b o n   a t o m s ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 7   i s   a  r e a c t i o n   f o r  

o b t a i n i n g   c o m p o u n d   (62)  f r o m   c o m p o u n d   (60)  and   c o m p o u n d  

(61)  as  t h e   s t a r t i n g   m a t e r i a l s .   T h u s ,   c o m p o u n d   (62)  c a n  

be  p r e p a r e d   by  r e a c t i o n   of  c o m p o u n d   (60)  w i t h   c o m p o u n d   ( 6 1 )  



i n   t h e   p r e s e n c e   o f   a  b a s e   a t   a  r oom  t e m p e r a t u r e   t o   1 2 0 ° C ,  

f o r   a b o u t   0 . 5   to   6  h o u r s .   A s  t o   t h e   b a s e   u s e d   i n   t h i s  

r e a c t i o n ,   s o d i u m   h y d r i d e ,   p o t a s s i u m   h y d r i d e ,   m e t a l l i c  

s o d i u m ,   m e t a l l i c   p o t a s s i u m   and  o t h e r s   c a n   be  e x e m p l i f i e d .  

The  r a t i o   o f   t h e   a m o u n t   of  c o m p o u n d   (61)  to   1  m o l e   o f  

c o m p o u n d   (60)   may  be  1 .0   t o   1 . 2   t i m e s   t h e   m o l a r   q u a n t i t y  

of   t h e   l a t t e r ,   and   t h e   r a t i o   of   t h e   a m o u n t   of   t h e   b a s e  

may  be  1 . 0   t o   1 . 2   t i m e s   t h e   m o l a r   q u a n t i t y   of   t h e   l a t t e r .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 8   ' 

[ w h e r e i n   R1,  R2,  R3  and  R22  a r e   t h e   same  as  d e f i n e d   a b o v e ;  

and   A  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ] .  

R e a c t i o n   p r o c e s s   f o r m u l a - 1 8   i s   a  r e a c t i o n   f o r  

o b t a i n i n g   c o m p o u n d   (64)  or  (65)  f r o m   c o m p o u n d   (63)  as  t h e  

s t a r t i n g   m a t e r i a l .  

T h u s ,   c o m p o u n d   (63)  and   s u l f i d e   d i s s o l v e d   i n  



an  i n e r t   s o l v e n t   as  m e n t i o n e d   a b o v e ,   s u c h   as  e t h a n o l   o r  

DMF,  t h e n   s a i d   s o l u t i o n   r e a c t s  a t   a b o u t   a  room  t e m p e r a t u r e  

to   120°C  f o r   0 . 5   to   6  h o u r s   to   g i v e   c o m p o u n d   (64)  a n d  

( 6 5 ) .   As  to   t h e   s u l f i d e   u s e d   i n   t h i s   r e a c t i o n ,   s o d i u m  

s u l f i d e ,   p o t a s s i u m   s u l f i d e   and  o t h e r s   can   be  e x e m p l i f i e d .  

When  1  m o l e   of  t h e   s u l f i d e   i s   u s e d   to   1  m o l e   of   c o m p o u n d  

( 6 3 ) ,   t h e n   m o n o s u l f i d e   c o m p o u n d   (64)  can   be  o b t a i n e d   a s  

t h e   m a j o r   p r o d u c t ,   on  t h e   o t h e r   h a n d ,   when   2  m o l e s   o f   t h e  

s u l f i d e   i s   u s e d   t o   1  m o l e   of   c o m p o u n d   ( 6 3 ) ,   t h e n   d i s u l f i d e  

c o m p o u n d   (65)  can   be  o b t a i n e d   as  t h e   m a j o r   p r o d u c t .  

F u r t h e r ,   when   a b o u t   e q u i m o l a r   q u a n t i t y   e a c h   o f  

c o m p o u n d   (63)  and  c o m p o u n d   (63A)  r e p r e s e n t e d  b y   t h e  

f o l l o w i n g   f o r m u l a ,  

[ w h e r e i n   E2,  D  and  X  a r e   t h e   same  as  d e f i n e d   a b o v e ] ,  

t o g e t h e r   w i t h   t h e   s u l f i d e   r e a c t   u n d e r   c o n d i t i o n s   s i m i l a r  

to   t h o s e   e m p l o y e d   i n   t h e   a b o v e - m e n t i o n e d   r e a c t i o n ,   t h e n  

t h e   r e a c t i o n   p r o d u c t s   a r e   s e p a r a t e d ,   t h e r e   a r e   o b t a i n e d  

s y m m e t r y   and  n o n - s y m m e t r y   f o r m s   of   c o m p o u n d   (65)  r e s p e c -  

t i v e l y .  



R e a c t i o n   p r o c e s s   f o r m u l a - 1 9  

[ w h e r e i n   R11 ,   R12,   R22,   M,  R13  and   X  a r e   t h e   same  a s  

d e f i n e d   a b o v e ] .  

In  r e a c t i o n   p r o c e s s   f o r m u l a - 1 9 ,   t h e   r e a c t i o n  

f o r   p r e p a r i n g   c o m p o u n d   (67)  by  r e a c t i o n   of   c o m p o u n d   ( 6 6 )  

w i t h   c o m p o u n d   ( 6 6 A ) ,   t h e   r e a c t i o n   f o r   p r e p a r i n g   c o m p o u n d  

(68)  by  r e a c t i o n   of  c o m p o u n d   (67)  w i t h   an  a c e t y l e n e  

c o m p o u n d   ( 6 7 B ) ,   and  t h e   r e a c t i o n   f o r   p r e p a r i n g   c o m p o u n d  

(68)  by  r e a c t i o n   of  c o m p o u n d   (66)  w i t h   an  a c e t y l e n e  

c o m p o u n d   (66B)  can   be  c a r r i e d   o u t   u n d e r   r e a c t i o n   c o n d i t i o n s  

s i m i l a r   to   t h o s e   e m p l o y e d   in   r e a c t i o n   p r o c e s s   f o r m u l a - 4 .  



R e a c t i o n   p r o c e s s   f o r m u l a - 2 0  

[ w h e r e i n   R11,   R12,   R13,  R 2 2 , X   a n d  M   a r e   t h e   s a m e  a s  

d e f i n e d   a b o v e ;   and   Q 1  i s   an  e t h y l e n e   g r o u p ] .  

In  r e a c t i o n   p r o c e s s   f o r m u l a - 2 0 ,   t h e   r e a c t i o n   o f  

c o m p o u n d   (69)  w i t h   c o m p o u n d   (70)  can   be  c a r r i e d   o u t   u n d e r  

r e a c t i o n   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   i n   t h e  

r e a c t i o n   of   c o m p o u n d   (11)  w i t h   c o m p o u n d   (12)  i n   r e a c t i o n  

p r o c e s s   f o r m u l a - 3 A .  

R e a c t i o n   p r o c e s s   f o r m u l a - 2 1  



28  29  30  32  3 3  
[ w h e r e i n   X  i s   a  h a l o g e n   a t o m ;   R  ,   R  ,   R30,   R  ,   R33  a n d  

R34  a r e   e a c h   a  l o w e r   a l k y l   g r o u p ;   R31  i s   a  m e t h y l   g r o u p  

or   m e t h o x y m e t h y l   g r o u p ;   and  A7  i s   an  a l k y l e n e   g r o u p   h a v i n g  

1  to   11  c a r b o n   a t o m s ] .  

In   r e a c t i o n   p r o c e s s   f o r m u l a - 2 1 ,   t h e   r e a c t i o n   o f  

h y d r o q u i n o n e   d e r i v a t i v e   (75)  w i t h   c o m p o u n d   (75A)  can   b e  

c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   i n  

t h e   r e a c t i o n   f o r   p r e p a r i n g   c o m p o u n d   (11)  f r o m   c o m p o u n d  

(9)  in   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .   F u r t h e r m o r e ,   t h e  

r e a c t i o n   of  c o m p o u n d   (76)  w i t h   c o m p o u n d   (77)  can   be  c a r r i e d  

o u t   u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e  

r e a c t i o n   of   c o m p o u n d   (11)  w i t h   c o m p o u n d   (12)  i n   r e a c t i o n  

p r o c e s s   f o r m u l a - 3 A .  



R e a c t i o n   p r o c e s s   f o r m u l a - 2 2  

R e a c t i o n   p r o c e s s   f o r m u l a - 2 3  

[ w h e r e i n   R1,  R2,  R3,  R4,  R5b,   R6,  R22,   X  and   E 2 a r e   t h e  

same  as  d e f i n e d   a b o v e ;   and  A8  i s   an  a l k y l e n e   g r o u p   h a v i n g  

1  to   12  c a r b o n   a t o m s ] .  

In  r e a c t i o n   p r o c e s s   f o r m u l a - 2 2   and  - 2 3 ,   t h e  

h y d r o x y l a t i o n   of  compound   (79)  or   c o m p o u n d   (85)  can   b e  

c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d  

in   t h e   r e a c t i o n   f o r   o b t a i n i n g   t h e   a l k a l i   m e t a l   c o m p o u n d  



-  -  
o f   c o m p o u n d   (11)  i n   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A ,   t h u s  

c o m p o u n d   (79)  or   c o m p o u n d   ( 8 5 )  i s   c o n v e r t e d   i n t o   t h e  

c o r r e s p o n d i n g   a l k a l i   m e t a l   c o m p o u n d ,   t h e n   o x i d i z e d   w i t h  

an  o r g a n i c   p e r a c i d   o r   o x y g e n   g a s   t o   g i v e   t h e   c o r r e s p o n d i n g  

p e r o x i d e ,   n e x t   s a i d   p e r o x i d e   i s   r e d u c e d   w i t h   a  r e d u c i n g  

a g e n t   s u c h   as  s o d i u m   b i s u l f i t e   t o   g i v e   h y d r o x i d e   (80)  o r  

(86)  r e s p e c t i v e l y .  

The  r e a c t i o n   of   c o m p o u n d   (8)  w i t h   c o m p o u n d   ( 8 1 ) ,  

and   t h e   r e a c t i o n   of   c o m p o u n d   (82)  w i t h   c o m p o u n d   (83)  c a n  

be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d  

in   t h e   r e a c t i o n   of   c o m p o u n d   (9)  w i t h   c o m p o u n d   (10)  i n  

r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .  

R e a c t i o n   p r o c e s s   f o r m u l a - 2 4  

[ w h e r e i n   R35,   R  ,   R37,   R38  a r e   e a c h   a  l o w e r   a l k o x y   g r o u p ;  

and  A,  B,  D ,  l   and  m  a r e   t h e   same  as  d e f i n e d   a b o v e ] .  

In  r e a c t i o n   p r o c e s s   f o r m u l a - 2 4 ,   c o m p o u n d   ( 8 8 )  



can   be  o b t a i n e d   by  r e a c t i o n   of   c o m p o u n d   (87)  w i t h   a m m o n i a  

s o l u t i o n   in   an  i n e r t   s o l v e n t ,  f o r   e x a m p l e   a  l o w e r   a l c o h o l  

s u c h   as  m e t h a n o l ,   e t h a n o l   or   t h e   l i k e ;   an  e t h e r   s u c h   a s  

d i o x a n e ,   t e t r a h y d r o f u r a n   or  t h e   l i k e ;   or  o t h e r   s o l v e n t ,  

a t   a  t e m p e r a t u r e   of   a b o u t   0  t o   5 0 ° C ,   f o r   3  to   12  h o u r s .  

The  r a t i o   of   t h e   a m o u n t   of   a m m o n i a   s o l u t i o n   to   c o m p o u n d  

(87)  may  be  o v e r   4  t i m e s   t h e   m o l a r   q u a n t i t y .  

R e a c t i o n   p r o c e s s   f o r m u l a - 2 5  

[ w h e r e i n   R1,  R2,  R3  a r e   t h e   same  as  d e f i n e d   a b o v e ;   a n d  

R39  i s   a  h y d r o g e n   a tom  or   an  a l k y l   g r o u p   h a v i n g   1  to   1 1  

c a r b o n   a t o m s ] .  

In  t h e   r e a c t i o n   p r o c e s s   f o r m u l a - 2 5 ,   a  k n o w n  

c o m p o u n d   (91)  r e a c t s   w i t h   an  a l d e h y d e   (92)  i n   an  i n e r t  

s o l v e n t   m e n t i o n e d - a b o v e ,   i n   t h e   p r e s e n c e   of   a c i d   c a t a l y s t  

i  a t   a  t e m p e r a t u r e   c o n d i t i o n   of   a b o u t   0  to   1 0 0 ° C ,   f o r   5 

m i n u t e s   to   12  h o u r s ,   t o   g i v e   c o m p o u n d   (93)  i n   w h i c h   2 

m o l e c u l e s   of  c o m p o u n d   (91)  a r e   c o m b i n e d   t h r o u g h   a  g r o u p  

of  t h e   f o r m u l a  i s   o b t a i n e d .  

As  to   t h e   a c i d   c a t a l y s t   u s e d   in   t h i s   r e a c t i o n ,  

0  o r g a n i c   a c i d   s u c h   as  a c e t i c   a c i d ,   f o r m i c   a c i d ,   o x a l i c   a c i d  



and   o t h e r s ;   i n o r g a n i c   a c i d   s u c h   as  h y d r o c h l o r i c   a c i d ,  

n i t r i c   a c i d ,   s u l f u r i c   a c i d   a n d  o t h e r s   can  be  e x e m p l i f i e d .  

The  r a t i o   of   t h e   a m o u n t   of  a l d e h y d e   (92)  to   1  

m o l e   of   c o m p o u n d   (91)  may  be  0 . 2   t o   1  m o l a r   q u a n t i t y ,  

p r e f e r a b l y   0 .3   to   0 .5   m o l a r   q u a n t i t y ,   and  t h e   r a t i o   o f  

t h e   a m o u n t   of   t h e   a c i d   c a t a l y s t   to   1  m o l e   o f   c o m p o u n d  

(91)  may  be  0 . 1   t o   1  m o l a r   q u a n t i t y .  

Among  t h e   d e s i r e d   p r o d u c t s   of   t h e   p r e s e n t  

i n v e n t i o n   and  t h e   s t a r t i n g   m a t e r i a l s ,   t h o s e   h a v i n g   l o w e r  

a l k o x y   g r o u p   c a n   be  p r e p a r e d   by  p a r t i a l l y   or   c o m p l e t e l y  

a l k y l a t i o n   of  t h e   h y d r o x y l   g r o u p .   As  to   t h e   a l k y l a t i n g  

a g e n t   u s e d   in   t h i s   r e a c t i o n ,   l o w e r   a l k y l   h a l i d e s ,   d i -  

l o w e r   a l k y l   s u l f a t e s ,   d i a z o m e t h a n e   and  o t h e r s   c a n   b e  

e x e m p l i f i e d .  

In   c a s e   o f   c a r r y i n g   o u t   m e t h y l a t i o n   by  u s i n g  

d i a z o m e t h a n e ,   a  c o m p o u n d   h a v i n g   h y d r o x y l   g r o u p   c an   b e  

r e a c t e d   w i t h   d i a z o m e t h a n e   i n   an  i n e r t   s o l v e n t   f o r   e x a m p l e  

an  e t h e r   s u c h   as  d i o x a n e ,   t e t r a h y d r o f u r a n ,   d i e t h y l   e t h e r  

or  t h e   l i k e ,   a t   a  t e m p e r a t u r e   c o n d i t i o n   of  0°C  t o   a b o u t  

a  room  t e m p e r a t u r e   f o r   30  m i n u t e s   to   2  h o u r s .   The  r a t i o  

of  a m o u n t   of   d i a z o m e t h a n e   may  be   an  e q u i m o l a r   q u a n t i t y ,  

p r e f e r a b l y   1  t o   2  t i m e s   t h e   m o l a r   q u a n t i t y   t o   one   h y d r o x y l  

g r o u p .  

In  c a s e   of   c a r r y i n g   o u t   a l k y l a t i o n   by  u s i n g   a  

l o w e r   a l k y l   h a l i d e ,   t h e   r e a c t i o n   c an   be  c a r r i e d   o u t   u n d e r  

c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   in  u s u a l   d e h y d r o -  

h a l o g e n a t i n g   r e a c t i o n .   The  a b o v e - m e n t i o n e d   r e a c t i o n   c a n  

be  c a r r i e d   o u t   u n d e r   r e a c t i o n   c o n d i t i o n s   u s e d   i n   t h e  



r e a c t i o n   of   c o m p o u n d   (9)  w i t h   c o m p o u n d   (10)  in   r e a c t i o n  

p r o c e s s   f o r m u l a - 3 A .  

In  c a s e   of  c a r r y i n g   o u t   a l k y l a t i o n   by  u s i n g   a  

d i - l o w e r   a l k y l   s u l f a t e ,   t h e   r e a c t i o n   can   be  c a r r i e d   o u t  

in   an  i n e r t   s o l v e n t   a t   a  t e m p e r a t u r e   c o n d i t i o n   of   0°C  t o  

a b o u t   60°C  f o r   a b o u t   30  m i n u t e s   t o   6  h o u r s   w i t h   a  d i - l o w e r  

a l k y l   s u l f a t e .   As  to   t h e   d i - l o w e r   a l k y l   s u l f a t e   u s e d  

in   t h i s   r e a c t i o n ,   d i m e t h y l   s u l f a t e ,   d i e t h y l   s u l f a t e ,  

d i - n - p r o p y l   s u l f a t e ,   d i - n - b u t y l   s u l f a t e   and  o t h e r s   c a n  

be  e x e m p l i f i e d .   The  r a t i o   of   a m o u n t   of  t h e   d i - l o w e r  

a l k y l   s u l f a t e   may  be  an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y  

1  to   2  t i m e s   t h e   m o l a r   q u a n t i t y   t o   one   h y d r o x y l   g r o u p .  

By  t h e   a b o v e - m e n t i o n e d   a l k y l a t i o n ,   t h e   r e a c t i o n  

p r o d u c t   i n   w h i c h   t h e   h y d r o x y l   g r o u p   i s   p a r t i a l l y   o r  

c o m p l e t e l y   a l k y l a t e d   c an   be  o b t a i n e d .  

Among  t h e   d e s i r e d   p r o d u c t s   of   t h e   p r e s e n t   i n v e n -  

t i o n   and  t h e   s t a r t i n g   m a t e r i a l s ,   t h o s e   h a v i n g   t h e   h y d r o x y l  

g r o u p s   on  t h e   1 , 4 - b e n z o q u i n o n e   r i n g   o r / a n d   on  t h e   p h e n y l  

r i n g   c an   be  p r e p a r e d   b y  p a r t i a l   or   c o m p l e t e   d e a l k y l a t i o n  

of  t h e   l o w e r   a l k o x y   g r o u p s .   The  d e a l k y l a t i o n   r e a c t i o n  

can   be  c a r r i e d   o u t   i n   an  i n e r t   s o l v e n t   f o r   e x a m p l e   a n  

a l c o h o l   s u c h   as  m e t h a n o l ,   e t h a n o l   o r   t h e   l i k e ;   an  e t h e r  

s u c h   as  d i o x a n e ,   t e t r a h y d r o f u r a n   or   t h e   l i k e ,   a  h a l o g e n a t e d  

h y d r o c a r b o n   s u c h   as  c h l o r o f o r m ,   m e t h y l e n e   c h l o r i d e   o r   t h e  

l i k e ,   in   t h e   p r e s e n c e   of  an  a c i d   c a t a l y s t ,   a t   room  t e m -  

p e r a t u r e   to   1 0 0 ° C ,   f o r   30  m i n u t e s   to   6  h o u r s .   As  to  t h e  

a c i d   u s e d   i n   t h i s   r e a c t i o n ,   m i n e r a l   a c i d s   s u c h   a s  

h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   s u l f u r i c   a c i d   or   t h e  



l i k e ;   L e w i s   a c i d s   s u c h   as  b o r o n   t r i b r o m i d e ,   b o r o n   t r i c h l o r i d e  

and   o t h e r s   can   be  e x e m p l i f i e d .  

In  c a s e   of  p a r t i a l   d e a l k y l a t i o n ,   t h e   r e a c t i o n  

c a n   p r e f e r a b l y   be  c o n d u c t e d   in   t h e   p r e s e n c e   of   a  L e w i s  

a c i d .   In  c a s e   of  u s i n g   a  m i n e r a l   a c i d ,   t h e   r e a c t i o n   t i m e  

may  p r e f e r a b l y   be  s h o r t e n e d .  

In  c a s e   of   u s i n g   a  L e w i s   a c i d ,   t h e   r a t i o   o f  

a m o u n t   of   t h e   L e w i s   a c i d   t o   one   a l k o x y   g r o u p   in   t h e  

s t a r t i n g   m a t e r i a l   may  be  0 . 2   to   0 . 5   t i m e s   t h e   m o l a r  

q u a n t i t y .  

By  t h e   a b o v e - m e n t i o n e d   d e a l k y l a t i o n ,   t h e   r e a c t i o n  

p r o d u c t   in   w h i c h   t h e   l o w e r   a l k o x y   g r o u p s   a r e   p a r t i a l l y  

o r   c o m p l e t e l y   d e a l k y l a t e d   c an   be  o b t a i n e d .  

The  a b o v e - m e n t i o n e d   a l k y l a t i o n   and   d e a l k y l a t i o n  

can   be  c a r r i e d   o u t   r e p e a t e d l y   a l o n e   o r   i n   c o m b i n a t i o n  

t h e r e o f .  

F u r t h e r m o r e ,   among  t h e   d e s i r e d   p r o d u c t s   and  t h e  

s t a r t i n g   m a t e r i a l s   of   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e   h a v i n g  

a  g r o u p   of  t h e   f o r m u l a   -CH=CH-  or   - C = C -   as  f o r   t h e   s y m b o l  

B  or   Q  can   be  c o n v e r t e d   t o   c o m p o u n d s   h a v i n g   a  g r o u p   o f  

t h e   f o r m u l a   -CH2CH2-  by  r e d u c t i o n .   The  r e d u c t i o n   can   b e  

c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d  

in   known  r e d u c t i o n ,   p r e f e r a b l y   u n d e r   r e a c t i o n   c o n d i t i o n s  

s i m i l a r   to   t h o s e   e m p l o y e d   in   a  c a t a l y t i c   r e d u c t i o n .  

As  to   t h e   c a t a l y s t s   f o r   r e d u c t i o n ,   t h o s e   known   i n  

t h e   a r t   can   be  s e l e c t e d   f r o m   a  w i d e   r a n g e   and  c an   be  u s e d ,  

f o r   e x a m p l e   p a l l a d i u m - c a r b o n ,   p a l l a d i u m ,   p l a t i n u m ,   R a n e y -  

n i c k e l   and  o t h e r s   can   be  e x e m p l i f i e d .   The  r a t i o   of  a m o u n t  



of  t h e   c a t a l y s t   i s   n o t   s p e c i f i c a l l y   r e s t r i c t e d ,   a n d  i s  u s  e d  

in   a  c a t a l y t i c   a m o u n t .   The  r e d u c t i o n   i s   c a r r i e d   o u t   i n  

a  s u i t a b l e   s o l v e n t   or  w i t h o u t   t h e   s o l v e n t .   As  to   t h e  

s o l v e n t ,   l o w e r   a l c o h o l s   s u c h   as  m e t h a n o l ,   e t h a n o l   a n d  

o t h e r s ;   e s t e r s   s u c h   as  e t h y l   a c e t a t e   and  o t h e r s ;   l o w e r  

f a t t y   a c i d s   s u c h   as  a c e t i c   a c i d   and  o t h e r s   c a n   be  e x e m p l i -  

f i e d .   The  r e d u c t i o n   i s   c a r r i e d   o u t   u s u a l l y   u n d e r   a  n o r m a l  

p r e s s u r e   to   10  a t m o s p h e r i c   p r e s s u r e   of   h y d r o g e n   g a s  

( p r e f e r a b l y   u n d e r   a  n o r m a l   p r e s s u r e ) ,   a t   room  t e m p e r a -  

t u r e   to   100°C  ( p r e f e r a b l y   a t   room  t e m p e r a t u r e ) ,   and  t h e  

r e a c t i o n   i s   c o m p l e t e d   g e n e r a l l y   w i t h i n   0 .5   to   5-6   h o u r s .  

Among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g  

m a t e r i a l s ,   t h o s e   h a v i n g   a  g r o u p   of  t h e   f o r m u l a  

as  f o r   t h e   s y m b o l s   of   B  a n d   Q  c an   be  p r e p a r e d   by  a n  

e p o x i d a t i o n   of  a  c o r r e s p o n d i n g   c o m p o u n d   h a v i n g   a  g r o u p  

of  t h e   f o r m u l a   -CH=CH-  as  f o r   t h e   s y m b o l s   of   B  a n d   Q.  

The  e p o x i d a t i o n   i s   c a r r i e d   o u t   by  u s i n g   a  p e r a c i d .   As  t o  

t h e   p e r a c i d   u s e d   in   t h e   e p o x i d a t i o n ,   t h o s e   known   i n   t h e  

a r t   can   be  s e l e c t e d   f r o m   a  w i d e   r a n g e ,   f o r   e x a m p l e  

p e r b e n z o i c   a c i d   d e r i v a t i v e s   s u c h   as  p e r b e n z o i c   a c i d ,   m -  

c h l o r o p e r b e n z o i c   a c i d   and  o t h e r s ;   p e r a c e t i c   a c i d   d e r i v a t i v e s  

s u c h   as  p e r a c e t i c   a c i d - t r i f l u o r o p e r a c e t i c   a c i d   and  o t h e r s ;  

and  an  a q u e o u s   s o l u t i o n   of  h y d r o g e n   p e r o x i d e   and  o t h e r s  

can   be  e x e m p l i f i e d .   The  o r g a n i c   p e r a c i d   i s   u s e d   a t   l e a s t  

in   an  e q u i m o l a r   q u a n t i t y ,   p r e f e r a b l y   in   an  e q u i m o l a r  

q u a n t i t y   to  a b o u t   1 .5   t i m e s   t h e   m o l a r   q u a n t i t y   to   1  m o l e  

of  t h e   s t a r t i n g   m a t e r i a l s .   As  to   t h e   s o l v e n t   u s e d   in   t h e  



e p o x i d a t i o n ,   h a l o g e n a t e d   h y d r o c a r b o n s   s u c h   as  m e t h y l e n e  

c h l o r i d e ,   c h l o r o f o r m ,   and   o t h e r s ;   k e t o n e s   s u c h   as  a c e t o n e  

and  o t h e r s ;   a r o m a t i c   h y d r o c a r b o n s   s u c h   as  b e n z e n e ,  

t o l u e n e   and  o t h e r s   c an   be  e x e m p l i f i e d .   The  a b o v e - m e n t i o n e d  

e p o x i d a t i o n   i s   c a r r i e d   o u t   g e n e r a l l y   a t   - 20   t o   5 0 ° C ,  

p r e f e r a b l y  a t   0°C  t o   room  t e m p e r a t u r e ,   and  t h e   r e a c t i o n  

i s   c o m p l e t e d   i n   a b o u t   1  t o   20  h o u r s .   Thus   o b t a i n e d   e p o x y  

c o m p o u n d   c an   be  c o n v e r t e d   i n t o   a  g l y c o l   d e r i v a t i v e   b y  

h y d r o l y s i s   so  t h a t   t h e   d e s i r e d   p r o d u c t s   and  s t a r t i n g  

m a t e r i a l s   h a v i n g   g r o u p   of   t h e   f o r m u l a  i n   t h e  

m o l e c u l e   a r e   p r e p a r e d .  

R e a c t i o n   c o n d i t i o n s   e m p l o y e d   i n   h y d r o l y s i s   o f  

e p o x i d e   t o   o b t a i n   g l y c o l   may  be  a p p l i e d   to   t h e   a b o v e -  

m e n t i o n e d   r e a c t i o n ,   f o r   e x a m p l e ,   t h e   h y d r o l y s i s   may  b e  

c a r r i e d   o u t   i n   a  s u i t a b l e   s o l v e n t   in   t h e   p r e s e n c e   of   a n  

a c i d .   As  to   t h e   a c i d   u s e d   i n   t h e   r e a c t i o n ,   any  a c i d  

w h i c h   can   be  u s e d   in   t h i s   t y p e   of  h y d r o l y s i s   c an   b e  

e x e m p l i f i e d ,   s p e c i f i c a l l y ,   i n o r g a n i c   a c i d s   s u c h   a s  

p e r c h l o r i c   a c i d ,   h y d r o c h l o r i c   a c i d ,   s u l f u r i c   a c i d   a n d  

o t h e r s   c an   be  e x e m p l i f i e d .   The  a m o u n t   of  t h e   a c i d   u s e d  

t o   t h e   r e a c t i o n   i s   n o t   s p e c i f i c a l l y   r e s t r i c t e d   and  u s u a l  

c a t a l y t i c   a m o u n t   may  be  u s e d .  

Among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g  

m a t e r i a l s   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e   h a v i n g  

h a l o g e n   a t o m s   on  t h e   p h e n y l   r i n g   can  a l s o   be  p r e p a r e d   b y  

h a l o g e n a t i n g   s u b s t i t u t i o n   r e a c t i o n   in   w h i c h   t h e   h y d r o g e n  

a t o m s   on  t h e   p h e n y l   r i n g   a r e   c o n v e r t e d   i n t o   h a l o g e n  

a t o m s .   S a i d   h a l o g e n   s u b s t i t u t i o n   i s   c a r r i e d   o u t   in   a  



s u i t a b l e   i n e r t   s o l v e n t   w i t h   a  s t r o n g   b a s e   to   p r e p a r e   t h e  

c o r r e s p o n d i n g   o r g a n o m e t a l l i c   c o m p o u n d ,   t h e n   a  h a l o g e n a t i n g  

a g e n t   r e a c t s   t h e r e w i t h   a t   a  t e m p e r a t u r e   r a n g e   f r o m   - 1 0 0  

to  0°C  f o r   3  to  14  h o u r s .   As  to   t h e   s o l v e n t ,   e t h e r s   s u c h  

as  d i o x a n e ,   t e t r a h y d r o f u r a n   and  o t h e r s ;   s a t u r a t e d  

h y d r o c a r b o n s   s u c h   as  c y c l o h e x a n e ,   n - h e x a n e   and  o t h e r s ;  

p o l a r   s o l v e n t s   s u c h   as  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   a n d  

o t h e r s   c a n   be  e x e m p l i f i e d .   As  to   t h e   s t r o n g   b a s e ,   a l k y l  

m e t a l   b a s e   s u c h   as  s e c - b u t y l l i t h i u m ,   t e r t - b u t y l l i t h i u m ,  

n - b u t y l l i t h i u m - N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   a n d  

o t h e r s ;   a l k a l i   m e t a l s   and  a l k a l i   m e t a l   h y d r i d e   s u c h   a s  

s o d i u m   h y d r i d e ,   s o d i u m   m e t a l ,   l i t h i u m   m e t a l   and  o t h e r s  

can   be  e x e m p l i f i e d .   As  t o   t h e   h a l o g e n a t i n g   a g e n t s ,   N -  

h a l o g e n o s u c c i n i m i d e s   s u c h   as  N - b r o m o s u c c i n i m i d e ,   N -  

c h l o r o s u c c i n i m i d e ,   N - i o d o s u c c i n i m i d e   and  o t h e r s   c a n   b e  

e x e m p l i f i e d .  

The  a m o u n t   of   t h e   h a l o g e n a t i n g   a g e n t   and  of   t h e  

s t r o n g   b a s e   a r e   r e s p e c t i v e l y   1  to  2  t i m e s   t h e   m o l a r  

q u a n t i t y   to   t h e   s t a r t i n g   m a t e r i a l s   i n   c a s e   o f   i n t r o d u c i n g  

one  h a l o g e n   a t o m .   In  c a s e   of  i n t r o d u c i n g   2  or   m o r e  

n u m b e r   of   h a l o g e n   a t o m s ,   2  t i m e s   t h e   m o l a r   q u a n t i t y   o r  

more   a m o u n t   of  t h e   h a l o g e n a t i n g   a g e n t   and  of   t h e   s t r o n g  

b a s e   may  be  u s e d   as  c o m p a r e d   w i t h   t h e   c a s e   of   i n t r o d u c i n g  

one  h a l o g e n   a t o m .  

Among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g  

m a t e r i a l s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e  

h a v i n g   l o w e r   a l k y l t h i o   g r o u p s   on  t h e   p h e n y l   r i n g s   c a n  

a l s o   be  p r e p a r e d   by  s u b s t i t u t i n g   l o w e r   a l k y l t h i o   g r o u p s  



f o r   t h e   h y d r o g e n   a t o m s   on  t h e  p h e n y l   r i n g .   S a i d   s u b s t i -  

t u t i o n   c a n   be  c a r r i e d   o u t   u n d e r  c o n d i t i o n s   s i m i l a r   t o  

t h o s e   e m p l o y e d   i n   t h e   a b o v e - m e n t i o n e d   h a l o g e n a t i n g  

s u b s t i t u t i o n   r e a c t i o n ,   e x c e p t   t h a t   a  c o m p o u n d   r e p r e s e n t e d  

by  t h e   g e n e r a l   f o r m u l a   ( 9 4 ) ,  

[ w h e r e i n   R40  i s   a  l o w e r   a l k y l   g r o u p ] ,  

i s   u s e d   i n   p l a c e   of  t h e   h a l o g e n a t i n g   a g e n t .  

Among  t h e   d e s i r e d   p r o d u c t s   and   t h e   s t a r t i n g  

m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e   h a v i n g  

l o w e r   a l k o x y c a r b o n y l   g r o u p s   on  t h e   p h e n y l   r i n g   c an   a l s o  

be  p r e p a r e d   by  c o n v e r t i n g   t h e   h y d r o g e n   a t o m s   on  t h e   p h e n y l  

r i n g   i n t o   l o w e r   a l k o x y c a r b o n y l   g r o u p s .   S a i d   r e a c t i o n  

can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   t o   t h o s e  

e m p l o y e d   i n   t h e   a b o v e - m e n t i o n e d   h a l o g e n   s u b s t i t u t i o n ,  

e x c e p t   t h a t   a  c o m p o u n d   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a  

( 9 5 )  ,  

[ w h e r e i n   R41  i s   a  l o w e r   a l k y l   g r o u p ;   and   X  i s   t h e   s a m e  

as  d e f i n e d   a b o v e ] ,  

i s   u s e d   i n   p l a c e   of  t h e   h a l o g e n a t i n g   a g e n t .  

Among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g  

m a t e r i a l s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e   h a v i n g  



l o w e r   a l k a n o y l o x y   g r o u p s   can   a l s o   be  p r e p a r e d   by  c o n v e r t i n g  

t h e   h y d r o x y l   g r o u p s   i n t o   l o w e r  a l k a n o y l o x y   g r o u p s .   T h e  

r e a c t i o n   can   be  c a r r i e d   o u t   in   a  s u i t a b l e   i n e r t   s o l v e n t ,  

f o r   e x a m p l e   a  h a l o g e n a t e d   h y d r o c a r b o n   s u c h   as  d i c h l o r o e t h a n e ,  

c h l o r o f o r m   or   t h e   l i k e ;   an  e t h e r   s u c h   as  d i o x a n e ,   t e t r a -  

h y d r o f u r a n   o r   t h e   l i k e ;   a  p o l a r   s o l v e n t   s u c h   as  p y r i d i n e  

or   t h e   l i k e ,   by  r e a c t i n g   w i t h   a  l o w e r   a l k a n o y l a t i n g   a g e n t ,  

in   t h e   p r e s e n c e   o f   a  b a s e   room  t e m p e r a t u r e   t o   a b o u t   5 0 ° C  

f o r   a b o u t   1  to   10  h o u r s .   As  to   t h e   b a s e   u s e d   i n   t h i s  

r e a c t i o n ,   t h o s e   u s e d   as  d e a c i d i f y i n g   a g e n t s   f o r   e x a m p l e  

t e r t i a r y   a m i n e s   s u c h   as  d i i s o p r o p y l e t h y l a m i n e ,   t r i e t h y l -  

a m i n e ,   p y r i d i n e   and  o t h e r s ;   b a s e   s u c h   as  s o d i u m   h y d r o g e n  

c a r b o n a t e ,   s o d i u m   a c e t a t e ,   p o t a s s i u m   a c e t a t e   and   o t h e r s  

can  be  e x e m p l i f i e d .   As  t o   t h e   l o w e r   a l k a n o y l a t i n g   a g e n t s  

u s e d   in   t h i s   r e a c t i o n ,   l o w e r   a l k a n o y l   h a l i d e s ,   l o w e r  

a l k a n o i c   a c i d   a n h y d r i d e s   and  o t h e r s   can   be  e x e m p l i f i e d .  

The  r a t i o   of  a m o u n t   of  t h e   l o w e r   a l k a n o y l a t i n g   a g e n t   m a y  

be  a t   l e a s t   an  e q u i m o l a r   q u a n t i t y ,   p r e r e r a b l y   1  to   3  t i m e s  

t h e   m o l a r   q u a n t i t y   t o   one   h y d r o x y l   g r o u p   i n   t h e   s t a r t i n g  

m a t e r i a l .  

Among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g  

m a t e r i a l s   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e  

h a v i n g   h y d r o x y - l o w e r   a l k y l   g r o u p s   on  t h e   p h e n y l   r i n g   c a n  

a l s o   be  p r e p a r e d   by  f i r s t   r e a c t i n g   a  c o r r e s p o n d i n g   c o m p o u n d  

h a v i n g   h y d r o g e n   a t o m s   on  t h e   p h e n y l   r i n g   w i t h   a  c o m p o u n d  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   ( 9 6 ) ,  



[ w h e r e i n   X  i s   a  h a l o g e n   a t o m ,   Z 1  i s   a  l o w e r   a l k y l e n e  

g r o u p ,   and  z 2  i s   a  p r o t e c t i n g   g r o u p ] ,  

t h e n   t h e   p r o t e c t i n g   g r o u p   i s   r e m o v e d   f r o m   t h e   r e a c t i o n  

p r o d u c t .   The  r e a c t i o n   can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s  

s i m i l a r   to   t h o s e   e m p l o y e d   i n   t h e   r e a c t i o n   of   c o m p o u n d   ( 1 1 )  

w i t h   c o m p o u n d   (12)  i n   r e a c t i o n   p r o c e s s  f o r m u l a - 3 A .   As  t o  

t h e   p r o t e c t i n g   g r o u p ,   t e t r a h y d r o p y r a n y l   g r o u p   and  o t h e r s  

can   be  e x e m p l i f i e d .   The  a b o v e - m e n t i o n e d   r e a c t i o n   f o r  

r e m o v a l   of  t h e   p r o t e c t i n g   g r o u p   can   b e  c a r r i e d   o u t   u n d e r  

c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   i n   t h e   d e m e t h o x y -  

m e t h y l a t i o n   in   r e a c t i o n   p r o c e s s   f o r m u l a - 1 .  

When  any  p r o t e c t i n g   g r o u p   i s   r e q u i r e d   to   a  

c o m p o u n d   h a v i n g   h y d r o x y - l o w e r   a l k y l   g r o u p   as   m e n t i o n e d  

a b o v e   f o r   t h e   p u r p o s e   of   u s i n g   s u c h   c o m p o u n d   i n   v a r i o u s  

r e a c t i o n s ,   t h e   a b o v e - m e n t i o n e d   d e m e t h o x y m e t h y l a t i o n   may  

n o t   be  c o n d u c t e d   and  s u c h   c o m p o u n d   may  be  u s e d   to   t h e  

d e s i r e d   r e a c t i o n ,   or   may  be  s u p p l e m e n t e d   a n o t h e r   s u i t a b l e  

p r o t e c t i n g   g r o u p   n e w l y   upon   r e q u e s t .  

Among  t h e   d e s i r e d   p r o d u c t s   and   t h e   s t a r t i n g  

m a t e r i a l   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   t h o s e   h a v i n g  

l o w e r   a l k y l   g r o u p s   on  t h e   p h e n y l   r i n g   c a n   be  p r e p a r e d   b y  

r e a c t i o n   of  a  c o r r e s p o n d i n g   c o m p o u n d   h a v i n g   h y d r o g e n   a t o m s  

on  t h e   p h e n y l   r i n g   w i t h   a  l o w e r   a l k y l   h a l i d e .   The  r e a c -  

t i o n   can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   to  t h o s e  

e m p l o y e d   in   the   r e a c t i o n   of  c o m p o u n d   (11)  w i t h   c o m p o u n d  

(12)  in   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .  

U s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a   ( 9 7 ) ,  



w h e r e i n   X,  G  and  R7  a r e   t h e   same  as  d e f i n e d   a b o v e ,   i n  

p l a c e   of  t h e   a b o v e - m e n t i o n e d   l o w e r  a l k y l   h a l i d e ,   u n d e r  

c o n d i t i o n s   s i m i l a r   to   t h o s e   u s e d   in   t h e   a b o v e   r e a c t i o n ,  

among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g   m a t e r i a l s  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h o s e   h a v i n g   a  g r o u p  

of   t h e   f o r m u l a   - G - C ≡ C - R 7  can   be  p r e p a r e d .  

F u r t h e r m o r e ,   u s i n g   a  c o m p o u n d   r e p r e s e n t e d   b y  

t h e   g e n e r a l   f o r m u l a   ( 9 8 ) ,  

[ w h e r e i n   X,  L,  R8,  R9  and   R22  a r e   t h e   same  as  d e f i n e d  

a b o v e ] ,  

i n   p l a c e   o f   t h e   a b o v e - m e n t i o n e d   l o w e r   a l k y l   h a l i d e ,   u n d e r  

c o n d i t i o n s   s i m i l a r   t o   t h o s e   u s e d   i n   t h e   a b o v e   r e a c t i o n ,  

among  t h e   d e s i r e d   p r o d u c t s   and  t h e   s t a r t i n g   m a t e r i a l s  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h o s e   h a v i n g   a  g r o u p  

of   t h e   f o r m u l a  

can   be  p r e p a r e d .  



In  c a r r y i n g   o u t   t h e   a b o v e - m e n t i o n e d   r e a c t i o n s ,  

when   a  c o m p o u n d   h a v i n g   h y d r o x y  g r o u p s   o r   a m i n o   g r o u p s  

i s   u s e d ,   t h e   h y d r o x y l   g r o u p s   o r  a m i n o   g r o u p s   may  be  f i r s t  

p r o t e c t e d   w i t h   p r o t e c t i n g   g r o u p s   s i m i l a r   t o   t h o s e   g e n e r a l l y  

e m p l o y e d   i n   t h e s e   t y p e   of   r e a c t i o n s ,   t h e n   s u c h   p r o t e c t i n g  

g r o u p s   a r e   r e m o v e d   f r o m   t h e   p r o t e c t e d   g r o u p s .  

As  t o   t h e   p r o t e c t i n g   g r o u p s   f o r   h y d r o x y l   g r o u p ,  

m e t h o x y m e t h y l   g r o u p ,   t e t r a h y d r o p y r a n y l   g r o u p ,   b e n z y l  

g r o u p ,   t r i ( l o w e r  a l k y l ) s i l y l   g r o u p   and   o t h e r s   c a n   b e  

e x e m p l i f i e d ,   f u r t h e r   as  t o   t h e   p r o t e c t i n g   g r o u p s   f o r  

a m i n o   g r o u p ,   t e r t - b u t o x y c a r b o n y l   g r o u p ,   b e n z y l o x y c a r b o n y l  

g r o u p   and  o t h e r s   c a n   be  e x e m p l i f i e d .  

In   c a s e   o f   i n t r o d u c i n g   m e t h o x y m e t h y l   g r o u p   a s  

t o   t h e   p r o t e c t i n g   g r o u p   f o r   h y d r o x y l   g r o u p ,   t h e   r e a c t i o n  

can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e  

e m p l o y e d   i n   t h e   r e a c t i o n   of   c o m p o u n d   (9)  w i t h   c o m p o u n d  

(10)  in   r e a c t i o n   p r o c e s s   f o r m u l a - 3 A .   In  c a s e   o f   i n t r o d u c -  

i n g   t e t r a h y d r o p y r a n y l   g r o u p ,   t h e   r e a c t i o n   c an   be  c a r r i e d  

o u t   i n   a  s u i t a b l e   s o l v e n t   f o r   a  h a l o g e n a t e d   h y d r o c a r b o n  

s u c h   as  m e t h y l e n e   c h l o r i d e   or   t h e   l i k e ;   a  s a t u r a t e d  

h y d r o c a r b o n   s u c h   as   n - h e x a n e ,   i n   t h e   p r e s e n c e   of   p -  

t o l u e n e s u l f o n i c   a c i d   o r   a  p y r i d i n e   s a l t   t h e r e o f   or   a  

s t r o n g   a c i d i c   i o n - e x c h a n g e   r e s i n   s u c h   as   A m b e r l i s t   H - 1 5  

(a  t r a d e m a r k   f o r   a  s e r i e s   of   i o n - e x c h a n g e   r e s i n s  

m a n u f a c t u r e d   by  Rohm  &  Haas   C o . ,   P h i l a d e l p h i a ,   P a . ,  

U . S . A . )   o r   t h e   l i k e ,   w i t h   t e t r a h y d r o p y r a n   a t   r o o m  

t e m p e r a t u r e   t o   6 0 ° C ,   f o r   1  to   5  h o u r s .   By  u s i n g   1  t o   2  

t i m e s   m o l a r   q u a n t i t y   of   t e t r a h y d r o p y r a n   to   1  m o l e   of   t h e  



h y d r o x y   g r o u p ,   t e t r a h y d r o p y r a n y l   g r o u p   can  be  i n t r o d u c e d .  

In  c a s e   of   i n t r o d u c i n g   b e n z y l  g r o u p   or  t r i ( l o w e r   a l k y l ) -  

s i l y l   g r o u p ,   t h e   r e a c t i o n   can   be  c a r r i e d   o u t   u n d e r  

c o n d i t i o n s   s i m i l a r   to   t h o s e   e m p l o y e d   in   t h e   r e a c t i o n  

p r o c e s s   f o r m u l a - 3 A ,   e x c e p t   t h a t   a  b e n z y l   h a l i d e   s u c h   a s  

b e n z y l   c h l o r i d e   or   t h e   l i k e ;   o r   a  t r i ( l o w e r   a l k y l ) s i l y l  

h a l i d e   s u c h   as  t r i ( l o w e r   a l k y l ) s i l y l   c h l o r i d e   i s   u s e d   i n  

p l a c e   o f   c o m p o u n d   ( 1 0 ) .  

In  c a s e   of   i n t r o d u c i n g   t e r t - b u t o x y c a r b o n y l   g r o u p  

as  to   t h e   p r o t e c t i n g   g r o u p   f o r   a m i n o   g r o u p ,   t h e   r e a c t i o n  

can   be  c a r r i e d   o u t   in   a  w a t e r - s o l u b l e   o r g a n i c   s o l v e n t  

s u c h   as  a l c o h o l   or  t h e   l i k e   i n   t h e   p r e s e n c e   of   s o d i u m  

h y d r o x i d e   o r   t r i e t h y l a m i n e ,   by  a d d i n g   d i - t e r t - b u t y l  

d i c a r b o n a t e   o r   2 - t e r t - b u t o x y c a r b o n y l o x i m i n o - 2 - p h e n y l -  

a c e t o n i t r i l   a t   0°C  to  room  t e m p e r a t u r e   f o r   10  m i n u t e s  

to   5  h o u r s .   By  u s i n g   1  t o   2  t i m e s   t he   m o l a r   q u a n t i t y   o f  

t e r t - b u t o x y c a r b o n y l   g r o u p   t o   1  m o l e   of  t h e   a m i n o   g r o u p ,  

t e r t - b u t o x y c a r b o n y l   g r o u p   c an   be  i n t r o d u c e d .   I n   c a s e   o f  

i n t r o d u c i n g   b e n z y l o x y c a r b o n y l   g r o u p ,   t h e   r e a c t i o n   c a n  

be  c a r r i e d   o u t   i n   a  w a t e r - s o l u b l e   o r g a n i c   s o l v e n t   s u c h  

as  a l c o h o l   or   t h e   l i k e   i n   t h e   p r e s e n c e   of   s o d i u m   h y d r o x i d e  

o r   s o d i u m   c a r b o n a t e ,   by  a d d i n g   b e n z y l   c h l o r o f o r m a t e   a t  

0°C  t o   r oom  t e m p e r a t u r e   f o r   30  m i n u t e s   t o   5  h o u r s .   B y  

u s i n g   1  t o   2  t i m e s   t h e   m o l a r   q u a n t i t y   of  b e n z y l o x y c a r b o n y l  

g r o u p   to   1  mo le   of  t h e   a m i n o   g r o u p ,   b e n z y l o x y c a r b o n y l  

g r o u p   c a n   be  i n t r o d u c e d .  

In  c a s e   of   r e m o v i n g   t h e   m e t h o x y m e t h y l   g r o u p  

f r o m   t h e   h y d r o x y l   g r o u p   p r o t e c t e d   w i t h   m e t h o x y m e t h y l   g r o u p ,  



t h e   r e a c t i o n   can   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s i m i l a r  

to   t h o s e   e m p l o y e d   in   t h e   d e m e t h o x y m e t h y l a t i o n   o f   r e a c t i o n  

p r o c e s s   f o u m l a - 1   and  - 2 .   In  c a s e   of   r e m o v i n g   t h e  

t e t r a h c i m p y  n e n y l   g r o u p ,   t h e   r e a c t i o n   can   be  c a r r i e d   o u t  

i n   a  s u i t a b l e  i n e r t   s o l v e n t   f o r   e x a m p l e   an  a l c o h o l   s u c h  

as  m e t h a n o l ,   e t h a n o l   or   t h e   l i k e ,   i n   t h e   p r e s e n c e   o f   a n  

o r g a n i c   a c i d   s u c h   as  p - t o l u e n e s u l f o n i c   a c i d ,   a c e t i c   a c i d  

or   t h e   l i k e ;   or   an  i n o r g a n i c   a c i d   s u c h   as  b o r i c   a c i d ;   a n  

i o n - e x c h a n g e   r e s i n   s u c h   as  A m b e r l i s t   H - 1 5 ,   Dowex  5 0 W - X 8  

(a  t r a d e m a r k   f o r   a  s e r i e s   of   s y n t h e t i c   i o n - e x c h a n g e   r e s i n s  

m a n u f a c t u r e d   by  Dow  C h e m i c a l   C o . ,   M i d l a n d ,   M i c h i g a n ,  

U . S . A . )   o r   t h e   l i k e ,   a t   room  t e m p e r a t u r e   to   1 0 0 ° C   f o r  

1  to   5  h o u r s .   In   c a s e   o f   r e m o v i n g   b e n z y l   g r o u p   o r   t r i -  

( l o w e r   a l k y l ) s i l y l   g r o u p ,   t h e   r e a c t i o n   c an   be  c a r r i e d  

o u t   u n d e r   c o n d i t i o n s   s i m i l a r   t o   t h o s e   e m p l o y e d   in   t h e  

d e b e n z y l a t i o n   o r   d e t r i ( l o w e r   a l k y l ) s i l y l a t i o n   i n   r e a c t i o n  

p r o c e s s   f o r m u l a - 9 .  

In   c a s e   of   r e m o v i n g   t h e   t e r t - b u t o x y c a r b o n y l  

g r o u p   or   b e n z y l o x y c a r b o n y l   g r o u p   f r o m   t h e   a m i n o   g r o u p  

p r o t e c t e d   w i t h   t e r t - b u t o x y c a r b o n y l   g r o u p   o r   b e n z y l c a r b o n y l  

g r o u p ,   t h e   r e a c t i o n   can   be  c a r r i e d   o u t   i n   an  i n e r t   s o l v e n t  

f o r   e x a m p l e   e t h y l   a c e t a t e ,   b e n z e n e ,   e t h a n o l ,   a c e t i c   a c i d ,  

d i o x a n e   o r   t h e   l i k e ,   by  u s i n g   a b o u t   10  t i m e s   t h e   e q u i m o l a r  

q u a n t i t y   o f   h y d r o g e n   c h l o r i d e   a t   room  t e m p e r a t u r e   f o r  

30  m i n u t e s   to   1  h o u r ;   or  t r e a t e d   w i t h   t r i f l u o r o a c e t i c  

a c i d   a t   room  t e m p e r a t u r e   f o r   1  h o u r ;   o r   t r e a t e d   w i t h  

t r i m e t h y l s i l y l   i o d i d e   i n   c h l o r o f o r m   o r   a c e t o n i t r i l e   a t  

room  t e m p e r a t u r e   f o r   30  m i n u t e s .   In  c a s e   of   r e m o v i n g   t h e  



b e n z y l o x y c a r b o n y l   g r o u p   t h e   r e a c t i o n   can  be  c a r r i e d   o u t  

in  an  o r g a n i c   s o l v e n t   f o r   e x a m p l e   an  a l c o h o l ;   or   a m m o n i a ,  

by  c a t a l y t i c a l l y   r e d u c i n g   in  t h e   p r e s e n c e   of   p a l l a d i u m -  

c a r b o n ,   p a l l a d i u m   b l a c k   or  t h e   l i k e   a t   - 5 0 ° C   to   100°C  f o r  

30  m i n u t e s   to   10  h o u r s ,   so  t h a t   d e b e n z y l o x y c a r b o n y l a t i o n  

can   be  p r o c e e d e d .  

Some  of  t h e   d e s i r e d   p r o d u c t s   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   can   be  i s o l a t e d   f r o m   a  p l a n t   as  f o l l o w s .  

T h u s ,   3 - ( Z - 1 0 - p e n t a d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e   and  5 -  

m e t h o x y - 2 - h y d r o x y - 5 - m e t h o x y - 3 - { c i s - 8 - t r i d e c e n y l ) - 1 , 4 -  

b e n z o q u i n o n e   can   be  e x t r a c t e d   and  i s o l a t e d   f r o m   a  p l a n t  

of   A r d i s i a   j a p o n i c a   ( T h u n b . )   B lume   o r i g i n a t e d   i n   J a p a n ,  

C h i n a   and  o t h e r   c o u n t r i e s .   In  t h a t ,   l e a v e s ,   s t e m s ,   r o o t s  

and   f r u i t s   ( p r e f e r a b l y   s t e m s   and  r o o t s )   o f   A r d i s i a   j a p o n i c a  

( T h u n b . )   Blume  a r e   e x t r a c t e d   w i t h   a  s o l v e n t   f o r   e x a m p l e  

a  l o w e r   a l c o h o l   s u c h   as  m e t h a n o l ,   e t h a n o l ,   i s o p r o p a n o l  

or   t h e   l i k e ;   a n  a r o m a t i c   h y d r o c a r b o n   s u c h   as  b e n z e n e ,  

t o l u e n e ,   x y l e n e   o r   t h e   l i k e ;   a  h a l o g e n a t e d   h y d r o c a r b o n  

s u c h   as  c h l o r o f o r m ,   d i c h l o r o m e t h a n e ,   d i c h l o r o e t h a n e   o r  

t h e   l i k e ;   an  e t h e r   s u c h   as  d i e t h y l   e t h e r ,   d i o x a n e ,  

t e t r a h y d r o f u r a n   or   t h e   l i k e ;   a n  a l i p h a t i c   h y d r o c a r b o n  

s u c h   as  n - h e x a n e ,   c y c l o h e x a n e ,   n - h e p t a n e   o r   t h e   l i k e ,   a n d  

t h e   e x t r a c t   i s   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o  

o b t a i n   t h e   p r i m a r y   e x t r a c t .   A  m e t h o d   f o r   i s o l a t i n g   t h e  

a b o v e - m e n t i o n e d   d e s i r e d   c o m p o u n d   f r o m   t h e   p r i m a r y  

e x t r a c t   i s   n o t   s p e c i f i c a l l y   r e s t r i c t e d   and  any   k n o w n  

m e t h o d   a p p l y i n g   p h y s i c o - c h e m i c a l   p r o p e r t i e s   of   t h e   c o m p o u n d  

can   be  e m p l o y e d .   T h u s ,   t h e   i s o l a t i o n   can   be  c a r r i e d   o u t  



by ,   f o r   e x a m p l e ,   a  m e t h o d   a p p l y i n g   t h e   d i f f e r e n c e   o f   t h e  

s o l u b i l i t y   b e t w e e n   t h e   c o m p o u n d ' a n d   i m p u r i t i e s ,   a  m e t h o d  

a p p l y i n g   t h e   d i f f e r e n c e   of  t h e  a d s o r p t i v e   a f f i n i t y   to   a  

common  a d s o r b e n t   s u c h   as  a c t i v a t e d   c a r b o n ,   XAD-2,  s i l i c a  

g e l ;   i o n - e x c h a n g e   r e s i n s   or   S e p h a d e x   p r o d u c t s ,   o r   a  

m e t h o d   a p p l y i n g   t h e   d i f f e r e n c e   o f   t h e   d i s t r i b u t i o n  

c o e f f i c i e n t s   b e t w e e n   t h e   two  l i q u i d   p h a s e s ,   or   c o m b i n a t i o n s  

of   t h e s e   m e t h o d s .   More  s p e c i f i c a l l y ,   t h e   p r i m a r y   e x t r a c t  

i s   t r e a t e d   by  a  d i s t r i b u t i o n a l   s o l v e n t   e x t r a c t i o n   m e t h o d ,  

f o r   e x a m p l e   t h e   p r i m a r y   e x t r a c t   i s   d i s s o l v e d   i n   a  m i x t u r e  

of   a  w a t e r - s o l u b l e   o r g a n i c   s o l v e n t   w i t h   w a t e r ,   s u c h   a s  

a  m i x t u r e   o f   m e t h a n o l - w a t e r   ( 1 : 4   by  v o l u m e / v o l u m e ) ,   t h e n  

t h e   s o l u t i o n   i s   e x t r a c t e d   w i t h   a  s o l v e n t   s u c h   as  n - h e x a n e ,  

b e n z e n e ,   e t h y l   a c e t a t e ,   d i e t h y l   e t h e r ,   c h l o r o f o r m   o r   t h e  

l i k e ,   f u r t h e r   t h e   r e s u l t a n t   e x t r a c t   i s   c o n c e n t r a t e d   u n d e r  

a  r e d u c e d   p r e s s u r e ,   and   t h e   c o n c e n t r a t e   i s   t r e a t e d   by  a  

c o l u m n   c h r o m a t o g r a p h y .   As  t o   t h e   c a r r i e r   u s e d   i n   t h e  

c o l u m n   c h r o m a t o g r a p h y ,   a n y  o n e   e m p l o y e d   i n   u s u a l   s e p a r a -  

t i o n   m e t h o d   c a n   be  a p p l i e d ,   f o r   e x a m p l e   i o n - e x c h a n g e  

r e s i n s ,   g e l   f i l t r a t i o n   c a r r i e r s   and   o t h e r s   s u c h   as  s i l i c a  

g e l ,   a c t i v a t e d   a l u m i n a ,   s i l v e r   n i t r a t e - s i l i c a   g e l ,   c a l c i u m  

p h o s p h a t e ,   a c t i v a t e d   c a r b o n ,   F l o r i s i l   (a  t r a d e m a r k   f o r  

p o w d e r e d   m a g n e s i a - s i l i c a   g e l ,   m a n u f a c t u r e   by  F l o r i d i n   C o . ,  

P i t t s b u r g h ,   P a . ,   U . S . A . )   m a g n e s i a ,   s t y r e n e - t y p e   p o l y m e r  

r e s i n e ,   Dowex  i o n - e x c h a n g e   r e s i n s   (a  t r a d e m a r k   f o r   a  

s e r i e s   o f   i o n - e x c h a n g e   r e s i n s   m a n u f a c t u r e d   by  Dow  C h e m i c a l  

C o . ,   M i d l a n d ,   M i c h i g a n ,   U . S . A . ) ,   A m b e r l i t e   (a  t r a d e m a r k  

f o r   a  s e r i e s   o f   i o n - e x c h a n g e   r e s i n s   m a n u f a c t u r e d   b y  



Rohm  &  Haas   C o . ,   P h i l a d e l p h i a ,   P a . ,   U . S . A . ) ,   i o n   e x c h a n g e  

c e l l u l o s e   c an   be  e x e m p l i f i e d .  " A s   to   t he   e l u e n t s   u s e d   i n  

t h e   i s o l a t i o n   p r o c e d u r e ,   any  s o l v e n t   f o r   e x a m p l e   n - h e x a n e ,  

b e n z e n e ,   d i e t h y l   e t h e r ,   c h l o r o f o r m ,   e t h y l   a c e t a t e ,  

a c e t o n e ,   m e t h a n o l ,   e t h a n o l ,   w a t e r ,   an  a q u e o u s   s o l u t i o n  

of   a c e t i c   a c i d ,   an  a q u e o u s   s o l u t i o n   of  h y d r o c h l o r i c   a c i d  

and   o t h e r s   can   be  e x e m p l i f i e d ,   and  t h e s e   s o l v e n t   can   b e  

u s e d   s i n g l y   o r   i n   t h e   f o r m   of   a  m i x e d   s o l v e n t   t h e r e o f .  

A f t e r  p u r i f y i n g   t h e   d e s i r e d   c o m p o u n d   by  t h e   c o l u m n  

c h r o m a t o g r a p h y ,   t h e   c o m p o u n d   can   be  f u r t h e r   p u r i f i e d ,  

u p o n   r e q u e s t   by  s e v e r a l   p u r i f i c a t i o n   and   i s o l a t i o n   m e t h o d s  

f o r   e x a m p l e   p r e c i p i t a t i o n   m e t h o d ,   s o l v e n t   e x t r a c t i o n  

m e t h o d ,   d i l u t i o n   m e t h o d ,   r e c r y s t a l l i z a t i o n   m e t h o d ,   h i g h  

s p e e d   l i q u i d   c h r o m a t o g r a p h y ,   g a s   c h r o m a t o g r a p h y ,   l i q u i d  

d r o p   c o u n t e r   c u r r e n t   p a r t i t i o n   c h r o m a t o g r a p h y ,   t h i n  

l a y e r   c h r o m a t o g r a p h y ,   d i s t i l l a t i o n ,   g e l   f i l t r a t i o n   a n d  

o t h e r s .   On  t h e   o t h e r   h a n d ,   t h e   p r i m a r y   e x t r a c t   may  b e  

p u r i f i e d   and  i s o l a t e d   by  m e t h o d   of   c o l u m n   c h r o m a t o g r a p h y  

w i t h o u t   t r e a t e d   t h r o u g h   a  d i s t r i b u t i o n a l   s o l v e n t   e x t r a c t i o n .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   1 6 - ( 2 -  

h y d r o x y - 5 - m e t h o x y - 1 , 4 - b e n z o q u i n o n e - 3 - y i ) - 1 - ( 2 - h y d r o x y - 5 -  

m e t h o x y - 6 - m e t h y l - 1 , 4 - b e n z o q u i n o n e - 3 - y l ) - Z - 8 - h e x a d e c e n e ,  

1 - ( 2 - h y d r o x y - 5 - m e t h o x y - 1 , 4 - b e n z o q u i n o n e - 3 - y l ) - 1 6 - ( 3 , 5 -  

d i h y d r o x y - 4 - m e t h y l p h e n y l ) - Z - 8 - h e x a d e c e n e   and   1 - ( 2 -  

h y d r o x y - 5 - m e t h o x y - l , 4 - b e n z o q u i n o n e - 3 - y l ) - 1 6 - ( 3 , 5 -  

d i h y d r o x y p h e n y l ) - Z - 8 - h e x a d e c e n e   a r e   i s o l a t e d   f r o m   A r d i s i a  

S i e b o l d i i   Miq .   o r i g i n a t e d   in   J a p a n ,   C h i n a   and  o t h e r  

c o u n t r i e s ,   t h r o u g h   t h e   f o l l o w i n g   p r o c e d u r e s .   T h u s ,   l e a v e s ,  
I 



b r a n c h e s ,   w o o d s ,   b a r k s ,   r o o t s ,   s k i n s   o f   r o o t ,   f r u i t s ,  

s e e d s   ( p r e f e r a b l y   l e a v e s )   a r e  e x t r a c t e d   w i t h   a  s o l v e n t ,  

f o r   e x a m p l e   t h e   s o l v e n t   u s e d   in   t h e   e x t r a c t i o n   f rom  t h e  

a b o v e - m e n t i o n e d   A r d i s i a   j a p o n i c a   ( T h u n b . )   B l u m e ,   and   t h e  

e x t r a c t   i s   c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e   t o  

o b t a i n   t h e   p r i m a r y   e x t r a c t .   T h e n   t h i s   p r i m a r y   e x t r a c t  

i s   f u r t h e r   e x t r a c t e d   by  a  m e t h o d   o f   d i s t r i b u t i o n a l   s o l v e n t  

e x t r a c t i o n   w i t h   a  s o l v e n t   same   as  u s e d   i n   c a s e   o f   t h e  

e x t r a c t i o n   f r o m   A r d i s i a   j a p o n i c a   ( T h u n b . )   B l u m e ,   and  t h e  

r e s u l t i n g   e x t r a c t   i s   c o n c e n t r a t e d   u n d e r   a  r e d u c e d  

p r e s s u r e   t o   o b t a i n   t h e   s e c o n d a r y   e x t r a c t .   The  s e c o n d a r y  

e x t r a c t   i s   p u r i f i e d   by  m e a n s   of   a  c o l u m n   c h r o m a t o g r a p h y .  

As  t o   t h e   c a r r i e r s   and   t h e   e l u e n t   f o r   t h i s   p u r p o s e ,   t h o s e  

u s e d   i n   t h e   p u r i f i c a t i o n   f r o m   A r d i s i a   j a p o n i c a   ( T h u n b . )  

B lume   c a n   a l s o   be  e m p l o y e d .   A f t e r   p u r i f y i n g   t h e   d e s i r e d  

c o m p o u n d s   by  m e a n s   of   c o l u m n   c h r o m a t o g r a p h y ,   t h e   c o m p o u n d s  

may  f u r t h e r   be   p u r i f i e d ,   u p o n   r e q u e s t   by  s e v e r a l   p u r i f i -  

c a t i o n   as  s h o w n   i n   t h e   c a s e   o f   t h e   e x t r a c t i o n   o f   A r d i s i a  

j a p o n i c a   ( T h u n b . )   B l u m e .  

Among  t h e   d e s i r e d   c o m p o u n d s   o f   t h e   p r e s e n t  

i n v e n t i o n ,   t h o s e   h a v i n g   a c i d i c   g r o u p s   c an   be   a b l e   t o  

f o r m   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   w i t h   b a s i c   c o m -  

p o u n d s .   As  t o   t h e   b a s i c   c o m p o u n d s ,   m e t a l  h y d r o x i d e s   s u c h  

as  s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e ,   c a l c i u m   h y d r o x i d e  

and  o t h e r s ;   a l k a l i   m e t a l   c a r b o n a t e s   and   h y d r o g e n   c a r b o n a t e s  

s u c h   as  s o d i u m   c a r b o n a t e ,   s o d i u m   h y d r o g e n   c a r b o n a t e   a n d  

o t h e r s ;   a l k a l i   m e t a l   a l c o h o l a t e s   s u c h   as  s o d i u m   m e t h y l a t e ,  

p o t a s s i u m   e t h y l a t e   and   o t h e r s ;   a m m o n i a ;   a m i n e s   s u c h   a s  



t r i e t h y l a m i n e ,   t r i p r o p y l a m i n e   and  o t h e r s   can   be  e x e m p l i f i e d .  

F u r t h e r m o r e ,   among  the   d e s i r e d - c o m p o u n d s   of   t h e   p r e s e n t  

i n v e n t i o n ,   t h o s e   h a v i n g   b a s i c   g r o u p s   can  be  a b l e   to   f o r m  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   w i t h   a c i d s .   As  to   t h e  

a c i d s ,   h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   o x a l i c   a c i d ,  

c i t r i c   a c i d ,   s u c c i n i c   a c i d   and  o t h e r s   can   be  e x e m p l i f i e d .  

The  d e s i r e d   p r o d u c t s   p r e p a r e d   r e s p e c t i v e l y   i n  

t h e   a b o v e - m e n t i o n e d   s t e p s   c an   e a s i l y   be  i s o l a t e d  a n d  

p u r i f i e d   by  u s u a l   s e p a r a t i o n   m e a n s .   F u r t h e r m o r e ,   t h e  

a c t i v e   i n g r e d i e n t ,   5 - l i p o x y g e n a s e   i n h i b i t o r   o f   t h e   p r e s e n t  

i n v e n t i o n   may  p r e f e r a b l y   be  p u r i f i e d   f i n a l l y .   As  to   t h e  

p u r i f i c a t i o n   and  i s o l a t i o n   m e t h o d s ,   s o l v e n t   e x t r a c t i o n ,  

d i l u t i o n   m e t h o d ,   r e c r y s t a l l i z a t i o n ,   d i s t i l l a t i o n ,   a d s o r p t i o n  

c h r o m a t o g r a p h y ,   i o n - e x c h a n g e   c h r o m a t o g r a p h y ,   g e l - p e r m e a t i o n  

c h r o m a t o g r a p h y   and  o t h e r s   c an   be  e x e m p l i f i e d .  

The  d e s i r e d   p r o d u c t s   o f   t h e   p r e s e n t   i n v e n t i o n  

a r e   u s e d   i n   t h e   f o r m   of   g e n e r a l l y   a c c e p t a b l e   p h a r m a c e u t i c a l  

c o m p o s i t i o n s   w h i c h   a r e   p r e p a r e d   by  u s i n g   d i l u e n t s   a n d  

e x c i p i e n t s   s u c h   as  f i l l e r s ,   b u l k i n g   a g e n t s ,   b i n d e r s ,  

w e t t i n g   a g e n t s ,   d i s i n t e g r a t i n g   a g e n t s ,   s u r f a c t a n t s ,  

l u b r i c a n t s   and  t h e   l i k e .   A d m i n i s t r a t i o n   u n i t   f o r m s   o f  

t h e s e   p h a r m a c e u t i c a l   c o m p o s i t i o n s   o f   t h e   p r e s e n t   i n v e n t i o n  

can   be  v a r i e d   and  s e l e c t e d   so  as  t o   m e e t   v a r i o u s   t h e r a -  

p e u t i c a l   p u r p o s e s .   T y p i c a l   f o r m s   of   t h e   p h a r m a c e u t i c a l  

c o m p o s i t i o n s   can   be  e x e m p l i f i e d   s u c h   as   t a b l e t s ,   a e r o s o l s ,  

p i l l s ,   p o w d e r s ,   l i q u i d s ,   s u s p e n s i o n s ,   e m u l s i o n s ,   g r a n u l e s ,  

c a p s u l e s ,   s u p p o s i t o r i e s ,   i n j e c t i o n s   ( l i q u i d s ,   s u s p e n s i o n s  

and  o t h e r s )   and  t h e   l i k e .  



In   s h a p i n g   i n t o   t h e   f o r m   of   t a b l e t s ,   t h o s e   k n o w n  

as  t h e   c a r r i e r s   i n   t h i s   f i e l d  c a n   w i d e l y   be  a p p l i e d   f o r  

e x a m p l e ,   e x c i p i e n t s   s u c h   as  l a c t o s e ,   p u r i f i e d   s u g a r ,  

s o d i u m   c h l o r i d e ,   g l u c o s e ,   u r e a ,   s t a r c h ,   c a l c i u m   c a r b o n a t e ,  

k a o l i n ,   c r y s t a l l i n e   c e l l u l o s e ,   s i l i c i c   a c i d   and  o t h e r s ;  

b i n d e r s   s u c h   as  w a t e r ,   e t h a n o l ,   p r o p a n o l ,   s i m p l e   s y r u p ,  

a  g l u c o s e   s o l u t i o n ,   s t a r c h   s o l u t i o n ,   g e l a t i n   s o l u t i o n ,  

c a r b o x y m e t h y l   c e l l u l o s e ,   s h e l l a c ,   m e t h y l   c e l l u l o s e ,  

p o t a s s i u m   p h o s p h a t e ,   p o l y v i n y l p y r r o l i d o n e   a n d  o t h e r s ;  

d i s i n t e g r a t i n g   a g e n t s   s u c h   as   d r i e d   s t a r c h ,   s o d i u m  

a l g i n a t e ,   a g a r - a g a r   p o w d e r ,   l a m i n a l i a   p o w d e r ,   s o d i u m  

h y d r o g e n   c a r b o n a t e ,   c a l c i u m   c a r b o n a t e ,   a  f a t t y   a c i d   e s t e r  

of   p o l y o x y e t h y l e n e   s o r b i t a n ,   s o d i u m   l a u r y l s u l f a t e ,  

m o n o g l y c e r i d e   o f   s t e a r i c   a c i d ,   s t a r c h ,   l a c t o s e   a n d  

o t h e r s ;   d i s i n t e g r a t i o n   i n h i b i t o r s   s u c h   as  p u r i f i e d   s u g a r ,  

s t e a r i n ,   c a c a o   b u t t e r ,   h y d r o g e n a t e d   o i l s   and  o t h e r s ;  

a b s o r p t i o n   a c c e l e r a t o r s   s u c h   as  q u a t e r n a r y   ammonium  b a s e ,  

s o d i u m   l a u r y l - s u l f a t e   and  o t h e r s ;   w e t t i n g   a g e n t s   s u c h  

as  g l y c e r i n ,   s t a r c h   and   o t h e r s ;   a d s o r p t i o n   a c c e l e r a t o r s  

s u c h   as  s t a r c h ,   l a c t o s e ,   k a o l i n ,   b e n t o n i t e ,   c o l l o i d a l  

s i l i c i c   a c i d   and   o t h e r s ;   and   l u b r i c a n t s   s u c h   as  p u r i f i e d  

t a l c u m   p o w d e r ,   s t e a r i c   a c i d   s a l t s ,   b o r i c   a c i d   p o w d e r ,  

p o l y e t h y l e n e   g l y c o l   and   o t h e r s   c a n   be  e x e m p l i f i e d .   I f  

n e c e s s a r y ,   t h e   t a b l e t s   can   f u r t h e r   be  c o a t e d   w i t h   u s u a l  

c o a t i n g   f i l m   t o   make  them  i n t o   c o a t e d   t a b l e t s ,   f o r   e x a m p l e  

s u g a r - c o a t e d   t a b l e t s ,   g e l a t i n   f i l m - c o a t e d   t a b l e t s ,   e n t e r i c  

f i l m - c o a t e d   t a b l e t s ,   f i l m - c o a t e d   t a b l e t s ,   o r   d o u b l e -  

l a y e r e d   t a b l e t s ,   m u l t i p l e   l a y e r s  t a b l e t s   and  o t h e r s .  



In  s h a p i n g   i n t o   t he   f o r m   of   p i l l s ,   t h o s e   known  as  t h e  

c a r r i e r s   in   t h i s   f i e l d   can   w i d e l y   be  a p p l i e d   f o r   e x a m p l e ,  

e x c i p i e n t s   s u c h   as  g l u c o s e ,   l a c t o s e ,   s t a r c h ,   c a c a o   b u t t e r ,  

h y d r o g e n a t e d   v e g e t a b l e   o i l s ,   k a o l i n ,   t a l c u m   p o w d e r   a n d  

o t h e r s ;   b i n d e r s   s u c h   as  p o w d e r e d   gum  a r a b i c ,   p o w d e r e d  

t r a g a c a n t h   gum,  g e l a t i n ,   e t h a n o l   and  o t h e r s ;   d i s i n t e g r a t -  

i n g   a g e n t   s u c h   as  l a m i n a l i a ,   a g a r - a g a r   p o w d e r   a n d  o t h e r s .  

In  s h a p i n g   i n t o   t h e   f o r m   o f   s u p p o s i t o r i e s ,   t h o s e   known  i n  

t h i s   f i e l d   can   w i d e l y   be   a p p l i e d   f o r   e x a m p l e ,   p o l y e t h y l e n e  

g l y c o l ,   c a c a o   b u t t e r ,   a  h i g h e r   a l c o h o l ,   an  e s t e r   of   a  

h i g h e r   a l c o h o l ,   g e l a t i n ,   s e m i - s y n t h e s i z e d   g l y c e r i d e   a n d  

o t h e r s .   In  c a s e   of   p r e p a r i n g   i n j e c t i o n s ,   s o l u t i o n s   a n d  

s u s p e n s i o n s   b e i n g   p r e p a r e d   a r e   s t e r i l i z e d ,   and  t h e y   a r e  

p r e f e r a b l y   as  i s o t o n i c   t o - t h e   b l o o d .   In  p r e p a r i n g   i n t o  

t h e   f o r m   of   l i q u i d s ,   e m u l s i o n s   and  s u s p e n s i o n s ,   t h o s e  

known  as  t h e   d i l u e n t s   i n   t h i s   f i e l d   can   w i d e l y   be  a p p l i e d ,  

f o r  e x a m p l e   w a t e r ,   e t h a n o l ,   p r o p y l e n e   g l y c o l ,   e t h o x y l a t e d  

i s o s t e a r y l   a l c o h o l ,   p o l y o x y l a t e d   i s o s t e a r y l   a l c o h o l ,   a  

p o l y o x y e t h y l e n e   s o r b i t a n   f a t t y   a c i d   e s t e r ,   and   o t h e r s .  

In  c a s e   of   p r e p a r i n g   i s o t o n i c   s o l u t i o n s ,   s u f f i c i e n t   a m o u n t  

of   s o d i u m   c h l o r i d e ,   g l u c o s e   o r   g l y c e r i n   may  be  a d d e d   t o  

make  t h e   s o l u t i o n   to   be  i s o t o n i c   to   t he   b l o o d .   T h e  

p h a r m a c e u t i c a l , c o m p o s i t i o n s   f o r   i n j e c t i o n   p r e p a r a t i o n  

may  f u r t h e r   be  c o n t a i n   u s u a l   d i s s o l v i n g   a g e n t s ,   b u f f e r  

s o l u t i o n s ,   a n a l g e s i c   a g e n t s   o r   t h e   l i k e   i f   n e c e s s a r y .  

The  p h a r m a c e u t i c a l   c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n  

may  a l s o   be  c o n t a i n   c o l o r i n g   a g e n t s ,   p r e s e r v a t i v e s ,  

p e r f u m e s ,   s e a s o n i n g   a g e n t s ,   s w e e t e n i n g   a g e n t s   and  o t h e r s ,  



as  w e l l   as   c o n t a i n   o t h e r   m e d i c i n e s ,   i f   n e c e s s a r y .  

In  s h a p i n g   i n t o   t h e   f o r m   of   a e r o s o l s ,   t h o s e  

known   as  t h e   d i s p e r s i n g   a g e n t s ,   p r o p e l l a n t s   in   t h i s   f i e l d  

can   w i d e l y   be  a p p l i e d .   As  to   t h e   d i s p e r s i n g   a g e n t s ,  

l e c i t h i n s   s u c h   as  s o y b e a n   l e c i t h i n ,   egg   y o l k   l e c i t h i n   o r  

t h e   l i k e ;   f a t t y   a c i d s   s u c h   as   o l e i c   a c i d ,   l i n o l e i c   a c i d ,  

l i n o l e n i c   a c i d   o r   t h e   l i k e ;   s o r b i t a n s   s u c h   as   s o r b i t a n  

t r i o l e a t e ,   s o r b i t a n   m o n o o l e a t e   and   t h e   l i k e   c a n   b e  

e x e m p l i f i e d .   As  t o   t h e   p r o p e l l a n t s ,   u s u a l   i n f l a m m a b l e  

l i q u i f i e d   g a s e s   s u c h   as  F r e o n - 1 1 ,   F r e o n - 1 2 ,   F r e o n - 1 1 4  

( t r a d e m a r k s   f o r   a  s e r i e s   o f   f l u o r o c a r b o n   p r o d u c t s  

m a n u f a c t u r e d   by  E.  I .   Du  P o n t   de  N e m o u r s   &  C o . ,   W i l m i n g t o n ,  

D e l . ,   U . S . A . )   and   o t h e r s   c a n   be  e x e m p l i f i e d .  

The  a m o u n t   o f   t h e   d e s i r e d   p r o d u c t   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   to   be  c o n t a i n e d   as  t h e   a c t i v e  

i n g r e d i e n t   i n   t h e   p h a r m a c e u t i c a l   c o m p o s i t i o n   i s   n o t  

s p e c i f i c a l l y   r e s t r i c t e d   and  c a n   be  s e l e c t e d   f r o m   a  w i d e  

r a n g e ,   g e n e r a l l y   1  to   70%  by  w e i g h t ,   p r e f e r a b l y   1  to  30% 

by  w e i g h t   may  be  u s e d .  

A d m i n i s t r a t i o n   m e t h o d   of   t h e   a b o v e - m e n t i o n e d  

p h a r m a c e u t i c a l   c o m p o s i t i o n   i s   n o t   s p e c i f i c a l l y   r e s t r i c t e d  

and   c a n   be   a d m i n i s t e r e d   t h r o u g h   a  s u i t a b l e   m e t h o d   f o r  

t h e   r e s p e c t i v e   t y p e s   o f   a d m i n i s t r a t i o n   f o r m s , - d e p e n d i n g  

u p o n   a g e   o f   t h e   p a t i e n t ,   d i s t i n c t i o n   o f   t h e   s ex   and  o t h e r  

c o n d i t i o n s ,   c o n d i t i o n s   o f   t h e   p a t i e n t   and  o t h e r s .   F o r  

e x a m p l e ,   t a b l e t s ,   p i l l s ,   l i q u i d s ,   s u s p e n s i o n s ,   e m u l s i o n s ,  

g r a n u l e s   and   c a p s u l e s   a r e   a d m i n i s t e r e d   o r a l l y ;   i n j e c t i o n s  

a r e   a d m i n i s t e r e d   i n t r a v e n e o u s l y   s i n g l y   o r   as   a  m i x t u r e  



w i t h   u s u a l   i n j e c t a b l e   t r a n s f u s i o n s   s u c h   as  a  g l u c o s e  

s o l u t i o n ,   an  a m i n o   a c i d s   s o l u t i o n s ,   and  o t h e r s ;   and  i f  

n e c e s s a r y   t h e   i n j e c t i o n s   a r e   a d m i n i s t e r e d   s i n g l y   i n t r a -  

m u s c u l a r l y ,   i n t r a c u t a n e o u s l y ,   s u b c u t a n e o u s l y   o r  

i n t r a p e r i t o n e a l l y ;   and  t h e   s u p p o s i t o r i e s   a r e   a d m i n i s t e r e d  

i n t o   r e c t u m ;   and   t h e   a e r o s o l s   a r e   a d m i n i s t e r e d   i n t o   t h e  

b r o n c h u s   by  s p r a y i n g   t h r o u g h   t h e   m o u t h   o r   t h e   n o s e .  

The  d o s a g e   o f   t h e   d e s i r e d   p r o d u c t s   o f   t h e   p r e s e n t  

i n v e n t i o n   may  s u i t a b l y   be  s e l e c t e d   d e p e n d i n g   u p o n   t h e  

m e t h o d   f o r   a d m i n i s t r a t i o n ,   age  of  t h e   p a t i e n t ,   d i s t i n c t i o n  

of   s e x   and  o t h e r   c o n d i t i o n s ,   and  c o n d i t i o n s   o f   t h e   s y m p t o m s ,  

and  g e n e r a l l y   t h e   a c t i v e  i n g r e d i e n t   c an   be  a d m i n i s t e r e d  

i n   a b o u t   0 . 0 0 5   to   10  mg,  p r e f e r a b l y   0 . 1   t o   1  m g / k g   of   t h e  

b o d y   w e i g h t / d a y .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  i l l u s t r a t e d   m o r e  

s p e c i f i c a l l y   by  way  of  s h o w i n g   t h e   f o l l o w i n g   e x a m p l e s ,   i n  

w h i c h   t h e   p r e p a r a t i o n s   o f   c o m p o u n d s   to   be  u s e d   as  t h e  

s t a r t i n g   m a t e r i a l s   w i l l   be  shown   i n   R e f e r e n c e   E x a m p l e s ,  

and  t h e   p r e p a r a t i o n s   o f   t h e   d e s i r e d   p r o d u c t s   w i l l   b e  

s h o w n   in   E x a m p l e s .   F u r t h e r m o r e ,   e x a m p l e s   o f   p h a r m a c e u t i c a l  

c o m p o s i t i o n s   as   w e l l   as   p h a r m a c o l o g i c a l   t e s t   r e s u l t s   a r e  

s h o w n .   The  p r e s e n t   i n v e n t i o n ,   h o w e v e r   w i l l   n o t   b e  

r e s t r i c t e d   to   t h e s e   e x a m p l e s .  

R e f e r e n c e   E x a m p l e   1  

10  Grams  o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   was  d i s s o l v e d   i n   300  ml  of   t e t r a h y d r o f u r a n ,   a n d  

t h e   s o l u t i o n   was  c o o l e d   to   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e  



b a t h .   To  t h i s   c o o l e d   s o l u t i o n   was  a d d e d   d r o p w i s e   35  m l  

of   s e c - b u t y l l i t h i u m   ( 1 . 3 M - c y c l o h e x a n e   s o l u t i o n )   and  w a s  

s t i r r e d   f o r   30  m i n u t e s .   F u r t h e r m o r e ,   15  ml  of   1 , 5 -  

d i b r o m o p e n t a n e   ( 0 . 1 1   m o l e )   w a s  a d d e d   d r o p w i s e   t h e r e t o ,  

n e x t   12  g  o f   s o d i u m   i o d i e d   and   20  ml  of   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e   was   a d d e d   t o   t h e   r e a c t i o n   m i x t u r e .  

The  w h o l e   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a -  

t u r e   f o r   12  h o u r s .   T e t r a h y d r o f u r a n   was  r e m o v e d   u n d e r  

r e d u c e d   p r e s s u r e , a n d   t h e   r e s i d u e   t h u s   o b t a i n e d   w a s  

d i s s o l v e d   i n   1 , 0 0 0   ml  of   a  m i x e d   s o l v e n t   of   b e n z e n e - e t h e r  

( 1 : 1 ) .   The  o r g a n i c   l a y e r   was  w a s h e d   4  t i m e s   w i t h   200  m l  

of   w a t e r ,   and   4  t i m e s   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   and  was   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r  

a  r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d  

by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   8  cm  x  

l e n g t h   30  cm,  s o l v e n t :   e t h y l   a c e t a t e : n - h e x a n e   =  1 : 4 ,  

" W a k o g e l   C - 2 0 0 " )   to   y i e l d   1 1 . 2 4   g  ( y i e l d   =  71 .2%)   o f  

1 - ( 5 - b r o m o p e n t y l ) - 2 - 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t - h o x y m e t h o x y 3 -  

b e n z e n e .   O i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

1 . 5 6   (4H,  b r m ) ,   1 . 8 8   (2H,  b r m ) ,   2 . 6 5   (2H,  b r t ,  

J = 6 . 8 H z ) ,   3 . 4 0   (2H,  t ,   J = 6 . 8 H z ) ,   3 . 5 2   (3H,  s ) ,  

3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 2   (2H,  s ) ,  

5 . 1 7   (2H,  s ) ,   6 . 6 5   ( l H ,   s ) .  



R e f e r e n c e   E x a m p l e   2 

By  a  m e t h o d   as  d e s c r i b e d   in   R e f e r e n c e   E x a m p l e  

1  e x c e p t   t h a t   1 , 9 - d i b r o m o n o n a n e   was  u s e d   i n   p l a c e   o f  

1 , 5 - d i b r o m o p e n t a n e ,   t h e r e   was  p r e p a r e d   l - ( 9 - b r o m o n o n y l ) -  

2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e .   O i l y  

s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 )  :  

1 . 2  -   1 . 7   (12H,   b r m ) ,   1 . 8 2   (2H,  b r m ) ,   2 . 7 0  

(2H,  b r t ,   J = 6 . 9 H z ) ,   3 . 4 0   (2H,  t ,   J = 6 . 9 H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 5 9   (3H,  s ) ,   3 . 7 9   (6H,  s ) ,  

5 . 0 2   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 4   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   3 

10  Grams  o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   500  ml  o f   t e t r a h y d r o f u r a n ,  

t h e n   t o   t h i s   s o l u t i o n   was   a d d e d   7 . 0 1   ml  ( 4 6 . 4 4   mM)  o f  

N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   and   t h e   w h o l e   m i x -  

t u r e   was  c o o l e d   to   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   T o  

t h i s   c o o l e d   m i x t u r e   was  a d d e d   d r o p w i s e   2 9 . 1   ml  o f   n -  

b u t y l l i t h i u m   ( 1 . 6 M - h e x a n e   s o l u t i o n ) ,   t h e n   s t i r r e d   f o r  

30  m i n u t e s .   N e x t ,   2 6 . 4   ml  ( 2 . 0 9 1 M   s o l u t i o n )   of   t e t r a -  

h y d r o f u r a n   s o l u t i o n   o f   e t h y l e n e   o x i d e   and   0 . 5   ml  o f   b o r o n  

t r i f l u o r i d e - d i e t h y l   e t h e r   ( B F 3 · E t 2 O )   w e r e   a d d e d   t o   t h e  

r e a c t i o n   m i x t u r e .   10  M i n u t e s   a f t e r ,   t h e   d r y   i c e - a c e t o n e  

b a t h   was  r e m o v e d   f r o m   t h e   r e a c t i o n   e q u i p m e n t ,   t h e n   2 

h o u r s   l a t e r ,   t h e   r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d   t o  

o b t a i n   t h e   r e s i d u e   and   500  ml  of  d i e t h y l   e t h e r   was   a d d e d  

t h e r e t o ,   and  w a s h e d   4  t i m e s   w i t h   200  ml  of   w a t e r ,   f u r t h e r  



w a s h e d   4  t i m e s   w i t h   200  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   n e x t   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   A f t e r   r e m o v a l   of   t h e   s o l v e n t   u n d e r   r e d u c e d  

p r e s s u r e ,   t h e   r e s i d u e   was  t r e a t e d   by  a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   [ d i a m e t e r   6  cm  x  l e n g t h   30  cm,  e l u e n t :  

e t h y l - a c e t a t e : n - h e x a n e   =  ( 2 : 3 ) ,   " W a k o g e l   C - 2 0 0 " ]   t o  

y i e l d   8 .5   g  of   l - ( 2 - h y d r o x y e t h y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e .   C o l o r l e s s   n e e d l e s s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 2 1  -   1 2 3 ° C .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

3 . 0 1   (3H,  t ,   J = 6 . 0 H z ) ,   3 . 5 1   (3H,  s ) ,   3 . 5 8   ( 3 H ,  

s ) ,   3 . 7 9   (3H,  s ) ,   3 . 8 0   (2H,  t ,   J = 6 . 0 H z ) ,   3 . 8 2  

(3H,  s ) ,   5 . 0 2   (2H,  s ) ,   5 . 1 3   (2H,  s ) ,   6 . 6 5   ( lH ,   s ) .  

R e f e r e n c e   E x a m p l e   4 

1 . 3   G r a m s   ( 4 . 3   mM)  of   1 - ( 2 - h y d r o x y e t h y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d  

i n   15  ml  o f   d i c h l o r o m e t h a n e ,   t h e n   u n d e r   i c e - c o o l i n g  

c o n d i t i o n ,   1  g  o f   p y r i d i n i u m   c h l o r o c h r o m a t e   was  a d d e d  

t h e r e t o   and  t h e   r e a c t i o n   m i x t u r e   was   s t i r r e d   a t   a  r o o m  

t e m p e r a t u r e   f o r   10  h o u r s .   A f t e r   f i l t r a t i o n ,   t h e   f i l t r a t e  

was  c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e  

o b t a i n e d   was  t r e a t e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

( d i a m e t e r   3  cm  x  l e n g t h   15  cm,  e l u e n t :   30%  e t h y l   a c e t a t e :  

n - h e x a n e ,   " W a k o g e l   C - 2 0 0 " )   to   y i e l d   1  g  o f   2 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] a c e t o a l d e h y d e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  



PMR,  δ  ppm  ( C D C 1 3 ) :  

3 . 4 9   (2H,  d,  J = 2 . 1 H z ) ,   3 . 5 0   (3H,  s ) ,   3 . 5 5   (3H,  s ) ,  

3 . 7 6   (3H,  s ) ,   3 . 8 0   (3H,  s ) ,   5 . 0 1   (2H,  s ) ,   5 . 1 7  

(2H,  s ) ,   6 . 7 8   ( l H ,   s ) ,   9 . 6 7   ( lH,   t ,   J = 2 . l H z ) .  

R e f e r e n c e   E x a m p l e   5 

351  M i l l i g r a m s   ( 1 . 3 6   mM)  of   1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d  

s o l v e n t   o f   10  ml  of   t e t r a h y d r o f u r a n   w i t h   1  ml  of   h e x a -  

m e t h y l p h o s p h o r i c   t r i a m i d e ,   and  t h e   s o l u t i o n   was  c o o l e d  

to   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   Then   1 . 6 0   ml  ( 1 . 0 5 M  

c y c l o h e x a n e   s o l u t i o n ,   1 . 6 8   mM)  of   s e c - b u t y l l i t h i u m   w a s  

a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   f o r   30  m i n u t e s .  

N e x t ,   a  t e t r a h y d r o f u r a n   s o l u t i o n   c o n t a i n i n g   334  m g  

( 1 . 1 1   mM)  of   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] a c e t o a l d e h y d e   i n   2  ml  of   t e t r a h y d r o f u r a n   was  a d d e d  

t h e r e t o   and  s t i r r e d   f o r   8  h o u r s .   The  r e a c t i o n   m i x t u r e  

was  c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e  

o b t a i n e d   was   p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

( d i a m e t e r   2  cm  x  l e n g t h   10  cm,  e l u e n t :   40%  e t h y l   a c e t a t e -  

n - h e x a n e )   to   y i e l d   503  mg  of   1 , 2 - b i s [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] e t h a n o l .   C o l o r l e s s   o i l y   s u b -  

s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

2 . 9 9   ( lH,   dd ,   J = 8 . 2 ,   2 . 5 H z ) ,   3 . 1 2   ( lH ,   d d ,  

j = 8 . 2 ,   2 . 5 H z ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 5   (3H,  s ) ,  

3 . 6 3   (3H,  s ) ,   3 . 7 6   ( lH ,   dd ,   J = 2 . 5 ,   2 . 0 H z ) ,   3 . 8 0  

(3H,  s ) ,   3 . 8 1   (3H,  s ) ,   3 . 8 2   (3H,  s ) ,   3 . 9 0   (3H,  s ) ,  



5 . 1 6  -   5 . 0 0   (4H,  m),   5 . 1 6   (4H,  b r . s ) ,   6 . 7 0  

( lH ,   s ) ,   6 . 7 2   ( lH,   s ) .  
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2 .7   Grams  ( 9 . 0   mM)  of   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] a c e t o a l d e h y d e   was   d i s s o l v e d   i n  

80  ml  o f   b e n z e n e ,   t h e n   t o   t h i s   s o l u t i o n   was  a d d e d   1 . 5 6   g  

( 1 0 . 8   mM)  of   M e l d r u m ' s   a c i d   ( 2 , 2 - d i m e t h y l - l , 3 - d i o x a n e -  

4 , 6 - d i o n e )   and   2 . 1 8   g  ( 2 1 . 6   mM)  of   t r i e t h y l a m i n e   w e r e  

a d d e d   and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   12  h o u r s .   100  M i l l i l i t e r s   o f   b e n z e n e  

was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   and   w a s h e d   t w i c e   w i t h  

200  ml  o f   w a t e r   and   f u r t h e r   w a s h e d   t w i c e   w i t h   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   t h e   b e n z e n e   s o l u -  

t i o n   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   T h e  

b e n z e n e   s o l u t i o n   was   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e  

and  t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  a  s i l i c a   g e l  

c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   5  cm  x  l e n g t h   15  c m ,  

e l u e n t :   30%  e t h y l   a c e t a t e h e x a n e ,   " W a k o g e l   C - 2 0 0 " )   t o  

y i e l d   2 .9   g  of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ) ] - 2 - ( 2 , 2 - d i m e t h y l - 4 , 6 - d i o x o - 1 , 3 - d i o x a n - 5 - y l i d e n e ) -  

e t h a n e .   L i g h t   y e l l o w   i n d e f i n i t e   f o r m   p o w d e r y   s u b s t a n c e .  

PMR,  δ ppm  ( C D C 1 3 ) :  

1 . 7 7   (6H,  s ) ,   3 . 5 1   (3H,  s ) ,   3 . 5 2   (3H,  s ) ,  

3 . 7 6   (3H,  s ) ,   3 . 8 4   (3H,  s ) ,   4 . 3 5   (2H,  d,  J =  

6  .5Hz)  ,   5 . 0 3   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 7 5   ( l H ,   s ) ,  

7 . 8 2   (2H,  t ,   J = 6 . 5 H z )  .  
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2 .9   Grams  of  l - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] - 2 - ( 2 , 2 - d i m e t h y l - 4 , 6 - d i o x o - 1 , 3 - d i o x a n -  

5 - y l i d e n e ) e t h a n e   was  d i s s o l v e d   in   a  m i x e d   s o l v e n t   o f  

90  ml  of   m e t h a n o l   w i t h   90  ml  of   e t h y l   a c e t a t e ,   t h e n   u n d e r  

an  i c e - c o o l e d   c o n d i t i o n ,   3  g  of   s o d i u m   b o r o n   h y d r i d e   w a s  

a d d e d   t h e r e t o .   1  Hour   l a t e r ,   t h e   r e a c t i o n   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e  

o b t a i n e d   was   a d d e d   300  ml  of   e t h y l   a c e t a t e ,   and   t h i s  

m i x t u r e   was   w a s h e d   t w i c e   w i t h   200  ml  of   w a t e r ,   f u r t h e r  

w a s h e d   t w i c e   w i t h   200  ml  o f   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   The  d e h y d r a t e d   e t h y l   a c e t a t e   s o l u t i o n   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e   t o   o b t a i n   t h e  

r e s i d u e ,   and  t h e   r e s i d u e   was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t  

of   20  ml  o f   e t h a n o l   w i t h   40  ml  o f   p y r i d i n e ,   t h e n   a  

c a t a l y t i c   a m o u n t   of   c o p p e r   p o w d e r   was  a d d e d   t h e r e t o   a n d  

t h e   m i x t u r e   was  h e a t e d   a t   100°C   i n   an  o i l   b a t h   and   s t i r r e d  

f o r   8  h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d   u n d e r  

a  r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e   t h u s   o b t a i n e d   w a s  

a d d e d   300  ml  of   e t h y l   a c e t a t e ,   t h e n   t h e   s o l u t i o n   w a s  

w a s h e d   t w i c e   w i t h   200  ml  o f   a  d i l u t e d   a q u e o u s   s o l u t i o n  

of   h y d r o c h l o r i c   a c i d   (pH  3 ) ,   f u r t h e r   w a s h e d   4  t i m e s   w i t h  

200  ml  o f   w a t e r ,   n e x t   w a s h e d   t w i c e   w i t h   200  ml  o f   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   d r i e d   o v e r  

a n h y d r o u s   s o d i u m   s u l f a t e ,   t h e n   c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e .   The  r e s i d u e   t h u s   o b t a i n e d   was   p u r i f i e d  

by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   5  cm  x  



l e n g t h   15  cm,  e l u e n t :   40%  e t h y l   a c e t a t e - n - h e x a n e   s o l u t i o n ,  

" W a k o g e l   C - 2 0 0 " )   to   y i e l d   1 .9   g - o f   e t h y l   4 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] b u t y r a t e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :  

1 . 2 4   (3H,  t ,   J = 7 . 8 H z ) ,   1 . 9 2   (2H,  m) ,   2 . 3 7   ( 2 H ,  

t ,   J = 8 . 0 H z ) ,   2 . 7 5   (2H,  t ,   J = 8 . 0 H z ) ,   3 . 5 6   (3H,  s ) ,  

3 . 5 8   (3H,  s ) ,   3 . 8 0   (6H,  s ) ,   4 . 1 1   (2H,  q ,  

J = 7 . 8 H z ) ,   5 . 0 2   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 6 7   ( lH ,   s ) .  
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1 .9   Grams  o f   e t h y l   4 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] b u t y r a t e   was   d i s s o l v e d   i n   60  m l  

of   t e t r a h y d r o f u r a n ,   t h e n   u n d e r   an  i c e - c o o l e d   c o n d i t i o n ,  

800  mg  o f   l i t h i u m   a l u m i n i u m   h y d r i d e   was  a d d e d   t h e r e t o  

and   s t i r r e d   f o r   1  h o u r .   U n d e r   an  i c e - c o o l e d   c o n d i t i o n ,  

20  ml  of   e t h y l   a c e t a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,  

t h e n   c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e .   To  t h e  

r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   300  ml  o f   e t h y l   a c e t a t e ,  

w a s h e d   t w i c e   w i t h   200  ml  of   w a t e r ,   t h e n   w a s h e d   t w i c e   w i t h  

200  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,  

and   d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .   C o n c e n t r a t e d  

u n d e r   a  r e d u c e d   p r e s s u r e ,   t h u s   1 . 4 3   g  o f   t h e u s   o b t a i n e d  

a l c o h o l  w a s   d i s s o l v e d   i n   30  ml  o f   d i c h l o r o m e t h a n e ,   u n d e r  

an  i c e - c o o l e d   c o n d i t i o n ,   0 . 9   ml  of   t r i e t h y l a m i n e   a n d  

0 . 4   ml  o f   m e t h a n e s u l f o n y l   c h l o r i d e   a c i d   w e r e   a d d e d   t h e r e t o  

and  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   5  h o u r s .   200  M i l l i -  

l i t e r s   o f   d i c h l o r o m e t h a n e   was  a d d e d   t h e   r e a c t i o n   m i x t u r e ,  



t h e n   w a s h e d   t w i c e   w i t h   w a t e r ,   and   w a s h e d   t w i c e   w i t h   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   C o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   to   y i e l d   1 .5   g  of  4 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l l b u t y l   m e t h a n e s u l f o n a t e .   C o l o r -  

l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

1 . 9  -   1 . 6   (4H,  m) ,   2 . 7 5   (2H,  t ,   J = 7 . 5 H z ) , .   2 . 9 7  

(3H,  s ) ,   3 . 5 6   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 9   ( 3 H ,  

s ) ,   3 . 8 0   (3H,  s ) ,   4 . 2 5   (2H,  t ,   J = 7 . 5 H z ) ,   5 . 0 1  

(2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 6 8   ( lH ,   s ) .  
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1 . 5   Grams   of   4 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] b u t y l   m e t h a n e s u l f o n a t e   was   d i s s o l v e d   i n  

a  m i x e d   s o l v e n t   o f   40  ml  of  a c e t o n e   w i t h   4  ml  of   h e x a -  

m e t h y l p h o s p h o r i c   t r i a m i d e ,   t h e n   2  g  o f   s o d i u m   i o d i d e   w a s  

a d d e d   t o   t h e r e t o   and   t h e   w h o l e   m i x t u r e   was  h e a t e d   a t  

70°C  i n   an  o i l   b a t h   and   s t i r r e d   f o r   1 . 5   h o u r s .   A f t e r  

t h e   c o m p l e t i o n   of   t h e   r e a c t i o n ,   t h e   r e a c t i o n   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   t h e n   200  ml  o f  

d i e t h y l   e t h e r   was  a d d e d   t h e r e t o ,   and  w a s h e d   t w i c e   w i t h  

100  ml  of   w a t e r ,   f u r t h e r   w a s h e d   t w i c e   w i t h   100  ml  o f   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   and  d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   C o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   t o   y i e l d   1 . 3   g  o f   1 - ( 4 - i o d o b u t y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e .   C o l o r l e s s   o i l y  

s u b s t a n c e .  



PMR,  δ  ppm  ( C D C 1 3 ) :  

2 . 0  -   1 .6   (4H,  m) ,   2 . 7 0   (2H,  t ,   J = 7 . 8 H z )  ,   3 . 2 3  

(2H,  t ,   J = 7 . 8 H z )  ,   3 . 5 6   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,  

3 . 8 0   (6H,  s ) ,   5 . 0 2   (2H,  s)  ,   5 . 1 7   (2H,  s ) ,  

6 . 6 5   ( lH,   s ) .  
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30  Grams  ( 0 . 1 1 6   m o l e s )   of   l , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was   d i s s o l v e d   i n   1200  ml  o f  

a n h y d r o u s   t e t r a h y d r o f u r a n   a n d   300  ml  of   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e ,   and  t h e   s o l u t i o n   was  c o o l e d   t o   - 7 8 ° C  

u n d e r   a r g o n   g a s   s t r e a m .   N e x t ,   9 9 . 4   ml  ( 1 . 2   e q u i m o l a r  

q u a n t i t y )   o f   s e c - b u t y l l i t h i u m   ( 1 . 4   M  s o l u t i o n )   was   a d d e d  

d r o p w i s e   and   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   a d d i t i o n a l l y .  

30  M i n u t e s   l a t e r ,   100  ml  o f   a n h y d r o u s   t e t r a h y d r o f u r a n  

s o l u t i o n   o f   f o r m a l d e h y d e   ( c o n t a i n i n g   a b o u t   5  g  o f  

f o r m a l d e h y d e ,   w h i c h   i s   c o r r e s p o n d i n g   t o   1 .5   t i m e s   t h e  

m o l a r   q u a n t i t y )   was  a d d e d   d r o p w i s e ,   and  t h e   t e m p e r a t u r e  

of   t h e   r e a c t i o n   m i x t u r e   was   g r a d u a l l y   r a i s e d   f r o m   - 7 8 ° C  

to   r oom  t e m p e r a t u r e ,   t h e n   t h e   m i x t u r e   was  s t i r r e d  

c o n t i n u o u s l y   f o r   4  h o u r s   a t   r oom  t e m p e r a t u r e .   T e t r a -  

h y d r o f u r a n   was   r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   to   t h e   r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   a  m i x e d  

s o l v e n t   of   500  ml  of  b e n z e n e   w i t h   500  ml  o f   d i e t h y l   e t h e r ,  

t h e n   t h e   o r g a n i c   l a y e r   was   w a s h e d   f o u r   t i m e s   w i t h   300  m l  

of  w a t e r ,   n e x t   w a s h e d   t h r e e   t i m e s   w i t h   200  ml  of   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .   A f t e r   c o n c e n t r a t i n g  

t h e   s o l u t i o n ,   t h e   r e s i d u e   t h u s   o b t a i n e d   was  t r e a t e d   by  a  



s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   5  cm  x  l e n g t h  

30  c m ) ,   and  e l u t e d   w i t h   20%  e t h y l   a c e t a t e - n - h e x a n e  

s o l u t i o n ,   t h e n   w i t h   30%  e t h y l   a c e t a t e - n - h e x a n e   s o l u t i o n  

to   y i e l d   1 7 . 8   g  of   d e s i r e d   p r o d u c t  o f   2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l m e t h a n o l .   C o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

3 . 1 0   ( l H ,   t ,   J = 7 . 5 H z ) ,   3 . 5 3   (3H,  s ) ,   3 . 5 8   ( 3 H ,  

s ) ,   3 . 8 1   (3H,  s ) ,   3 . 8 7   (3H,  s ) ,   4 . 7 2   (2H,  d ,  

J = 7 . 5 H z ) ,   5 . 0 5   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 7 6  

(1H,  s ) .  

R e f e r e n c e   E x a m p l e   1 1  

5  Grams  ( 0 . 0 1 7   m o l e )   of   2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l m e t h a n o l   was  d i s s o l v e d   i n   1 0 0  

ml  o f   c a r b o n   t e t r a c h l o r i d e ,   t h e n   9 . 9 0   g  (2  t i m e s   t h e  

m o l a r   q u a n t i t y )   of   t r i p h e n y l p h o s p h i n e   was  a d d e d   t o   t h i s  

s o l u t i o n   and  t h e   r e a c t i o n   m i x t u r e   was  r e f l u x e d   u n d e r  

n i t r o g e n   gas   s t r e a m   f o r   8  h o u r s .   Then   500  ml  of   d i e t h y l  

e t h e r   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,   t h e   p r e c i p i t a t e s  

f o r m e d   w e r e   r e m o v e d   by  f i l t r a t i o n ,   and  t h e   f i l t r a t e   w a s  

c o n c e n t r a t e d ,   t h e n   was   t r e a t e d   on  a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( d i a m e t e r   3 .2   cm  x  l e n g t h   1 3 . 5   cm) ,   a n d  

e l u t e d   w i t h   f i r s t   w i t h   b e n z e n e ,   n e x t   w i t h   10%  e t h y l  

a c e t a t e - b e n z e n e   s o l u t i o n   t o   y i e l d   4 . 2   g  o f   t h e   d e s i r e d  

p r o d u c t   of   l - c h l o r o m e t h y l - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

3 . 5 0   (3H,  s ) ,   3 . 6 0   (3H,  s ) ,   3 . 7 9   (3H,  s ) ,  



3 . 8 9   (3H,  s ) ,   4 . 7 2   (2H,  s ) ,   5 . 1 0   (2H,  s ) ,   5 . 1 3  

(2H,  s ) ,   6 . 7 5   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   1 2  

10  Grams  o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   was   d i s s o l v e d   i n   500  ml  of   a n h y d r o u s   t e t r a h y d r o f u r a n  

and  50  ml  of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e .   N e x t   7  m l  

of   N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   (TMEDA)  was  a d d e d  

t h e r e t o ,   and   u n d e r   a r g o n   g a s   s t r e a m ,   t h e   r e a c t i o n   m i x t u r e  

was  c o o l e d   to   - 7 8 ° C .   Then   30  ml  o f   n - b u t y l l i t h i u m   (1 .6   M 

s o l u t i o n )   was   a d d e d   d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e   a n d  

s t i r r e d   f o r   30  m i n u t e s .   N e x t ,   10  ml  of   a n h y d r o u s   N , N -  

d i m e t h y l f o r m a m i d e   (DMF)  was   a d d e d ,   f u r t h e r   0 . 5   ml  o f  

b o r o n   t r i f l u o r i d e - d i e t h y l   e t h e r   ( B F 3 - E t 2 0 )   (47%  e t h e r  

s o l u t i o n )   was   a d d e d   a s  t h e   r e a c t i o n   a c c e l e r a t o r   t o = t h e  

r e a c t i o n   m i x t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   - 7 8 ° C  

f o r   2  h o u r s .   The  t e m p e r a t u r e   o f   t h e   r e a c t i o n   m i x t u r e  

w a s   e l e v a t e d   t o   room  t e m p e r a t u r e ,   t h e n   t h e   s o l v e n t   w a s  

r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t o   t h e  

r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   300  ml  o f   b e n z e n e   a n d  

300  ml  o f   d i e t h y l   e t h e r ,   t h e n   t h e   o r g a n i c   l a y e r   w a s  

w a s h e d   4  t i m e s   w i t h   200  ml  o f   w a t e r ,   and   f u r t h e r   w a s h e d  

t h r e e   t i m e s   w i t h   100  ml  of  a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n .  A f t e r   c o n c e n t r a t e d   t h e   o r g a n i c   l a y e r  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s u l t a n t   r e s i d u e   was   t r e a t e d  

on  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y ,   and  e l u t e d   w i t h  

20%  e t h y l   a c e t a t e - n - h e x a n e   s o l u t i o n   t o   y i e l d   6  g  of   2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z a l d e h y d e .   L i g h t  



y e l l o w   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 )  :  

3 . 5 3   (3H,  s ) ,   3 . 5 6   (3H,  s ) ,   3 . 8 4   (3H,  s ) ,  

3 . 8 7   (3H,  s ) ,   5 . 1 0   (2H,  s ) ,   5 . 2 0   (2H,  s ) ,   7 . 0 3  

( l H ,   s ) ,   1 0 . 4 2   ( lH,   s ) .  

R e f e r e n c e   E x a m p l e   1 3  

3  Grams   ( 1 0 . 4 8   mM)  of   2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n z a l d e h y d e   was  d i s s o l v e d   i n   100  m l  

of   b e n z e n e ,   n e x t   1 . 8 2   g  ( 1 . 2   t i m e s   t h e   e q u i v a l e n t )   o f  

M e l d r u m ' s   a c i d   and   3  ml  of   t r i e t h y l a m i n e   w e r e   a d d e d  

t h e r e t o ,   and  t h e   r e a c t i o n   m i x t u r e   was   s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   5  h o u r s .   200  m i l l i l i t e r s   o f   e t h y l  

a c e t a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,   and   t h e  

o r g a n i c   l a y e r   was   w a s h e d   t w i c e   w i t h   50  ml  o f   w a t e r ,   t h e n  

w a s h e d   t h r e e   t i m e s   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n .   The  o r g a n i c   l a y e r   was   t h e n   d e h y d r a t e d  

on  a n h y d r o u s   s o d i u m   s u l f a t e   and  c o n c e n t r a t e d   t o   y i e l d  

4 . 3 9   g  of   1 - ( 2 , 2 - d i . m e t h y l - 4 , 6 - d i o x o - 1 , 3 - d i o x a n - 5 - y l i d e n e ) -  

1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ) m e t h a n e .  

Y e l l o w   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

1 . 8 4   (6H,  s ) , 3 . 4 8   (3H,  s ) ,   3 . 5 3   (3H,  s ) ,  

3 . 7 4   (3H,  s ) ,   3 . 8 2   (3H,  s ) ,   5 . 0 6   (2H,  s ) ,  

5 . 1 8   (2H,  s ) ,   6 . 9 2   (1H,  s ) ,   8 . 4 6   ( lH ,   s ) .  

R e f e r e n c e   E x a m p l e   1 4  

4 . 3 9   Grams  of   1 - ( 2 , 2 - d i m e t h y l - 4 , 6 - d i o n e - 1 , 3 -  



d i o x a n - 5 - y l y d e n e ) - 1 - ( 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] m e t h a n e   was  d i s s o l v e d   i n  1 0 0   ml  of  m e t h a n o l   a n d  

100  ml  of   e t h y l   a c e t a t e ,   and  t h e  s o l u t i o n   was  i c e - c o o l e d  

to   0 °C .   N e x t   a  l a r g e   e x c e s s   a m o u n t   of   s o d i u m   b o r o h y d r i d e  

(NaBH4)  was  a d d e d ,   and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d ,  

t h e   r e a c t i o n   was   c o m p l e t e d   i n   1  h o u r .   The  s o l v e n t   w a s  

r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e n   t o  

t h e   r e s i d u e   was  a d d e d   200  ml  of   e t h y l   a c e t a t e ,   and   t h e  

o r g a n i c   l a y e r   was  w a s h e d   w i t h   a  d i l u t e d   h y d r o c h l o r i c   a c i d ,  

w a t e r   and  a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n  

t h i s   o r d e r ,   and   d r i e d   on  a n h y d r o u s   s o d i u m   s u l f a t e .   T h e  

e t h y l   a c e t a t e   s o l u t i o n   was  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e   to   y i e l d   4 . 0 7   g  of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y )  p h e n y l ] - 1 - ( 2 , 2 - d i m e t h y l - 4 , 6 - d i o x o - 1 , 3 -  

d i o x a n - 5 - y l ) m e t h a n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

1 . 7 7   (3H,  s ) ,   1 . 7 9   (3H,  s ) ,   3 . 4 9   (2H,  d ,   J = 6 . 4 H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 5 5   (3H,  s ) ,   3 . 8 0   (3H,  s ) ,   3 . 8 5  

(3H,  s ) ,   4 . 6 1   ( l H ,   t ,   J = 6 . 4 H z ) ,   5 . 1 0   (2H,  s ) ,  

5 . 1 8   (2H,  s ) ,   6 . 7 3   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   1 5  

4 . 0 7   Grams  o f   1 - [ 2 , 5 - d i m e t . h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] - 1 - ( 2 , 2 - d i m e t h y l - 4 , 5 - d i o x o - 1 , 3 - d i o x a n - 5 -  

y l ) m e t h a n e   was  d i s s o l v e d   i n   20  ml  of   e t h a n o l   and   40  ml  o f  

p y r i d i n e ,   t h e n   a  c a t a l y t i c   a m o u n t   of   c o p p e r   p o w d e r   w a s  

a d d e d   t h e r e t o   and   r e f l u x e d   f o r   10  h o u r s .   The  r e a c t i o n  

m i x t u r e   was   f i l t e r e d ,   and   t h e   f i l t r a t e   was  c o n c e n t r a t e d  



u n d e r   r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e   t h u s   o b t a i n e d   w a s  

a d d e d   20  ml  of   e t h y l   a c e t a t e . . T h e   o r g a n i c   l a y e r   w a s  

w a s h e d   w i t h   a  d i l u t e d   h y d r o c h l o r i c   a c i d ,   w a t e r ,   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n   t h i s   o r d e r ,  

d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e ,  c o n c e n t r a t e d   u n d e r  

a  r e d u c e d   p r e s s u r e   to   y i e l d   3 . 4 2   g  of   e t h y l   3 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p i o n a t e   a s  

an  e t h y l   e s t e r .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 )  :  

1 . 2 5   (3H,  t ,   J = 7 . 2 H z ) ,   2 . 5 7   (2H,  b r t ,   J = 7 . 3 H z ) ,  

3 . 0 2   (2H,  b r t ,   J = 7 . 3 H z ) ,   3 . 5 2   (3H,  s ) ,   3 . 5 8  

(3H,  s ) ,   3 . 7 9   (6H,  s ) ,   4 . 1 5   (2H,  q,   J = 7 . 2 H z ) ,  

5 . 0 3   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 7   ( lH ,   s ) .  

R e f e r e n c e   E x a m p l e   1 6  

900  M i l l i g r a m s   o f   t h e   e t h y l   e s t e r   d e r i v a t i v e  

o b t a i n e d   a b o v e   was  d i s s o l v e d   i n   20  ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n ,   u n d e r   an  i c e - c o o l e d   and  n i t r o g e n   g a s  

s t r e a m   c o n d i t i o n s ,   a  l a r g e   e x c e s s   a m o u n t   o f   l i t h i u m  

a l u m i n i u m   h y d r i d e   was  a d d e d   t h e r e t o   w i t h   s t i r r i n g .   T h e  

r e a c t i o n   was   c o m p l e t e d   i n   4  h o u r s ,   t h e n   e t h y l   a c e t a t e   w a s  

a d d e d   t o   d e c o m p o s e   u n r e a c t e d   e x c e s s   l i t h i u m   a l u m i n i u m  

h y d r i d e .   F u r t h e r   i c e   was   a d d e d   t o   t h e   r e a c t i o n   m i x t u r e  

and  t h e   e x t r a c t i o n   w i t h   e t h y l   a c e t a t e   was  c a r r i e d  o u t .  

The  o r g a n i c   l a y e r   was  c o l l e c t e d   t o g e t h e r   and  d r i e d   o v e r  

a n h y d r o u s   s o d i u m   s u l f a t e ,   c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e   t o   y i e l d   700  mg  o f   3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] p r o p i o n y l a l c o h o l .   C o l o r l e s s   o i l y  



s u b s t a n c e .  

R e f e r e n c e   E x a m p l e   1 7  

700  M i l l i g r a m s   of   3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ) p r o p i o n y l   a l c o h o l   was  d i s s o l v e d  

in   20  ml  of   a n h y d r o u s   m e t h y l e n e   c h l o r i d e ,   u n d e r   a r g o n  

gas   s t r e a m   c o n d i t i o n ,   0 . 2 1   ml  o f   m e t h a n e s u l f o n y l   c h l o r i d e ,  

0 . 3   ml  o f   t r i e t h y l a m i n e   w e r e   a d d e d   t h e r e t o   u n d e r   i c e - c o o l e d  

c o n d i t i o n .   The  t e m p e r a t u r e   o f   t h e   r e a c t i o n   m i x t u r e   w a s  

e l e v a t e d   t o   r oom  t e m p e r a t u r e ,   t h e n   t h e   r e a c t i o n   m i x t u r e  

was   s t i r r e d   c o n t i n u o u s l y   f o r   12  h o u r s .   100  M i l l i l i t e r s  

o f   e t h y l   a c e t a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,   a n d  

t h e   o r g a n i c   l a y e r   was   w a s h e d   w i t h   w a t e r ,   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   c o n c e n t r a t e d   t o  

y i e l d   700  mg  of   3 - [ 2 , 5 - d i m e t h f r x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y )  

p h e n y l ) p r o p y l   m e t h a n e s u l f o n a t e   was  o b t a i n e d   as  a  m e s y l a t e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

2 . 0 4   (2H,  t t ,   J = 7 . 6 ,   6 . 4 H z ) ,   2 . 8 1   (2H,  t ,  

J = 7 . 6 H z )  ,   3 . 0 1   (3H,  s ) ,   3 . 5 3   (3H,  s ) ,   3 . 5 8  

(3H,  s ) ,   3 . 8 0   (6H,  s ) ,   4 . 2 6   (2H,  t ,   J = 6 . 4 H z ) ,  

5 . 0 3   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 6 8   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   1 8  

700  M i l l i g r a m s   of   t h e   m e s y l a t e   p r e p a r e d   i n   t h e  

a b o v e - m e n t i o n e d   R e f e r e n c e   E x a m p l e   17  was  d i s s o l v e d   i n  

80  ml  of   a c e t o n e ,   and   1  g  o f   s o d i u m   i o d i d e   was  a d d e d   t o  

t h e   s o l u t i o n ,   t h e n   t h e   m i x t u r e   was  r e f l u x e d   f o r   1 .5   h o u r s .  



A c e t o n e   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,  

t h e n   to   t h e   r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   200  ml  o f  

e t h y l   a c e t a t e   and  50  ml  of   w a t e r ,   t h e   o r g a n i c   l a y e r   w a s  

w a s h e d   w i t h   w a t e r   and  a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n   in   t h i s   o r d e r ,   and  c o n c e n t r a t e d .   The  r e s i d u e  

t h u s   o b t a i n e d   was  t r e a t e d   on  a  s i l i c a   g e l   c o l u m n   c h r o m a t o -  

g r a p h y   ( d i a m e t e r   1 . 8   cmm  x  l e n g t h   20  cm) ,   t h e n   e l u t e d  

w i t h   20%  e t h y l   a c e t a t e - n - h e x a n e   s o l u t i o n   t o   y i e l d   5 0 0  m g  

of   1 - ( 3 - i o d o p r o p y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e .   C o l o r l e s s   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :  

2 . 1 1   (2H,  t t ,   J = 7 . 7 ,   7 . l H z ) ,   2 . 7 8   (2H,  b r . t ,  

J = 7 . 7 H z ) ,   3 . 2 4   (2H,  t ,   J = 7 . l H z ) ,   3 . 5 3   (3H,  s ) ,  

3 . 5 9   (3H,  s ) ,   3 . 7 9   (3H,  s ) ,   3 . 8 0   (3H,  s ) ,  

5 . 0 3   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 7   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   19  

50  Grams  o f   l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   was  d i s s o l v e d   i n   1  l i t e r   o f   a n h y d r o u s   t o l u e n e ,  

t h e n   t o   t h i s   s o l u t i o n   w e r e   a d d e d   250  ml  o f   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e   and   4 3 . 8 5   ml  of   N , N , N ' , N ' - t e t r a m e t h y l -  

e t h y l e n e d i a m i n e ,   and  t h e   w h o l e   m i x t u r e   was  c o o l e d   to   - 7 8 ° C  

u n d e r   a r g o n   g a s   s t r e a m   c o n d i t i o n .   182  M i l l i l i t e r s   o f   n -  

b u t y l l i t h i u m   ( 1 . 6   M  s o l u t i o n )   was  a d d e d   d r o p w i s e   to   t h e  

r e a c t i o n   m i x t u r e   and  s t i r r e d .   The  r e a c t i o n   m i x t u r e   w a s  

k e p t   a t   - 7 8 ° C  a n d   s t i r r e d   f o r   30  m i n u t e s ,   t h e n   58  ml  o f  

1 , 5 - d i i o d o m e t h a n e   was   a d d e d   and   t h e   r e a c t i o n   m i x t u r e   w a s  

f u r t h e r   s t i r r e d   f o r   10  to   12  h o u r s .   500  M i l l i l i t e r s   o f  



b e n z e n e   was   a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  t h e   o r g a n i c  

l a y e r   was   w a s h e d   w i t h   w a t e r   a n d  a   s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n   i n   t h i s   o r d e r ,   t h e n   d e h y d r a t e d  

on  a n h y d r o u s   m a g n e s i u m   s u l f a t e .   T h e   s o l v e n t   was  r e m o v e d  

by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e  

t h u s   o b t a i n e d   w a s  t r e a t e d   on  a  s i l i c a   g e l   c o l u m n   c h r o m a t o -  

g r a p h y   ( d i a m e t e r   5  cm  x  l e n g t h   30  cm) ,   and  e l u t e d   w i t h  

n - h e x a n e ,   t h e n   w i t h   5%  e t h y l   a c e t a t e - n - h e x a n e   t o   y i e l d  

4 0 . 5   g  o f   l - ( 5 - i o d o p e n t y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :  

1 . 5  -   2 . 0   (6H,  m ) ,   2 . 6 6   (2H,  b r . t ,   J = 7 H z ) ,  

3 . 1 6   (2H,  t ,   J = 7 H z ) ,   3 . 5 0   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,  

3 . 7 6   (6H,  s ) ,   4 . 9 9   (2H,  s ) ,   5 . 1 2   (2H,  s ) ,  

6 . 6 2   ( lH ,   s ) .  

R e f e r e n c e   E x a m p l e   2 0  

126  M i l l i g r a m s   o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   2  ml  o f   a n h y d r o u s   t e t r a -  

h y d r o f u r a n ,   t h e n   0 . 2   ml  o f   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e  

was  a d d e d   t o   t h e   s o l u t i o n   and   w h o l e   m i x t u r e   was  c o o l e d   t o  

- 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   U n d e r   a r g o n   g a s   s t r e a m  

c o n d i t i o n s ,   0 . 5   ml  of   s e c - b u t y l l i t h i u m   was  a d d e d   d r o p w i s e  

to   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   f o r   30  m i n u t e s .   T h e n  

140  mg  o f   2 - b r o m o e t h y l   t e r t - b u t y l d i m e t h y l s i l y l   e t h e r   a n d  

70  mg  o f   a n h y d r o u s   s o d i u m   i o d i d e   w e r e   a d d e d   to   t h e   r e a c t i o n  

m i x t u r e   a n d   was  s t i r r e d   a t   - 7 8 ° C   f o r   4  h o u r s ,   t h e n   t h e  

t e m p e r a t u r e   was   e l e v a t e d   t o   r oom  t e m p e r a t u r e .   The  s o l v e n t  



was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e n  

to  t h e   r e s i d u e   t h u s   o b t a i n e d   w e r e   a d d e d   50  ml  of  b e n z e n e  

and  50  ml  of  d i e t h y l   e t h e r ,   t h e   o r g a n i c   l a y e r   was  w a s h e d  

t h r e e   t i m e s   w i t h   30  ml  of  w a t e r ,   t h e n   w a s h e d   t h r e e   t i m e s  

w i t h   30  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n ,   and  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   t h e n   t h e   r e s i d u e   was   t r e a t e d   on  a  s i l i c a   g e l  

t h i n   l a y e r   c h r o m a t o g r a p h y ,   and   p u r i f i e d   by  d e v e l o p i n g   w i t h  

30%  e t h y l   a c e t a t e - n - h e x a n e   m i x e d   s o l v e n t   to   y i e l d   1 5 . 0   mg  

of   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] e t h y l  

t e r t - b u t y l d i m e t h y l s i l y l   e t h e r .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :  

0 . 0 3   (6H,  s ) ,   0 . 9 0   (9H,  s ) ,   2 . 9 4   (2H,  t ,   J = 8 . 5 H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,   3 . 6 0   (2H,  t ,   J = 8 . 5 H z ) ,  

3 . 7 6   (6H,  s ) ,   5 . 0 2   (2H,  s ) ,   5 . 1 3   (2H,  s ) ,  

6 . 6 7   ( l H ,   s ) .  

1 5 . 0   M i l l i g r a m s   o f   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] e t h y l   t e r t - b u t y l d i m e t h y l s i l y l   e t h e r  

was  d i s s o l v e d   i n   2  ml  o f   a n h y d r o u s   t e t r a h y d r o f u r a n ,   u n d e r  

a r g o n   g a s   s t r e a m   c o n d i t i o n s ,   0 . 1   ml  o f   t e t r a h y d r o f u r a n  

s o l u t i o n   o f   1  m o l e   of   t e t r a - n - b u t y l a m m o n i u m   f l u o r i d e   w a s  

a d d e d   t h e r e t o  a n d   s t i r r e d   f o r   30  m i n u t e s ,   t h e   r e a c t i o n   o f  

r e m o v a l   of   t h e   p r o t e c t i n g   g r o u p   was  c o m p l e t e d   q u a n t i t a t i v e l y .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   on  a  

s i l i c a   g e l   t h i n   l a y e r   c h r o m a t o g r a p h y   and  p u r i f i e d   b y  

d e v e l o p i n g   w i t h   30%  e t h y l   a c e t a t e - n - h e x a n e   to   y i e l d   9 . 0   mg 



of   1 - ( 2 - h y d r o x y e t h y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o X y m e t h o x y ) -  

b e n z e n e .  

R e f e r e n c e   E x a m p l e   2 1  

4 . 8 1   Grams   o f   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] e t h a n o l   was  d i s s o l v e d   i n   50  ml  o f   d i c h l o r o -  

m e t h a n e ,   t h e n   4 . 2   ml  o f   d i i s o p r o p y l e t h y l a m i n e   was  a d d e d ,  

t h e n   u n d e r   an  i c e - c o o l e d   c o n d i t i o n ,   1 . 4   ml  o f   m e t h o x y m e t h y l  

c h l o r i d e   was  a d d e d .   The  t e m p e r a t u r e   o f   t h e   r e a c t i o n  

m i x t u r e   was  e l e v a t e d   t o   a  room  t e m p e r a t u r e ,   and   s t i r r e d  

f o r   a d d i t i o n a l   5  h o u r s .   50  M i l l i l i t e r   o f   d i c h l o r o m e t h a n e  

was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  t h e   o r g a n i c   l a y e r  

was   w a s h e d   w i t h   w a t e r   and   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   and  c o n c e n t r a t e d .   The  r e s i d u e   t h u s   o b t a i n e d   w a s  

p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r  

3  cm  x  l e n g t h   15  cm,  M e r c k ,   e l u e n t :   30%  e t h y l   a c e t a t e - n -  

h e x a n e   s o l u t i o n )   t o   y i e l d   4 .9   g  o f   l - m e t h o x y m e t h o x y - 2 -  

[ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) ] p h e n y l e t h a n e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :  

3 . 1 9   (2H,  t ,   J = 7 . 6 H z ) ,   3 . 3 2   (3H,  s ) ,   3 . 5 3  

(3H,  s ) ,   3 . 5 7   (3H,  s ) ,   3 . 7 5   (2H,  t ,   J = 7 . 6 H z ) ,  

3 . 8 0   (3H,  s ) ,   3 . 8 2   (3H,  s ) ,   4 . 7 1   (2H,  s ) ,   5 . 0 6  

(2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 7 2   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   2 2  

259  M i l l i g r a m s   of   l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  



m e t h o x y ) b e n z e n e   was  d i s s o l v e d   in   a  m i x e d   s o l v e n t   of  12  m l  

of  t o l u e n e   w i t h   3  ml  of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,  

to   t h i s   s o l u t i o n   was  a d d e d   0 . 3 0 3   ml  of  N , N , N ' , N ' -  

t e t r a m e t h y l e t h y l e n e d i a m i n e ,   t h e n   t h e   w h o l e   m i x t u r e   w a s  

c o o l e d   to   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   N e x t ,   1 . 3 4  

ml  of   n - b u t y l l i t h i u m   ( 1 . 6   m o l e   h e x a n e   s o l u t i o n )   was  a d d e d  

d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   f o r   20  m i n u t e s .  

F u r t h e r ,   0 . 1 4   ml  of   d i m e t h y l   d i s u l f i d e   was  a d d e d   d r o p w i s e  

and   s t i r r e d   f o r   a d d i t i o n a l  2   h o u r s .   The  r e a c t i o n   m i x t u r e  

was   w a r m e d   to   room  t e m p e r a t u r e ,   30  ml  of   d i e t h y l   e t h e r  

was  a d d e d ,   t h e n   t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e   t i m e s  

w i t h   20  ml  of   w a t e r ,   f u r t h e r   w a s h e d   t h r e e   t i m e s   w i t h  

20  ml  o f   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,  

and   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   Then   t h i s  

s o l u t i o n   was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e  

r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  t h i n   l a y e r   c h r o m a t o g r a p h y  

( t h i c k n e s s   2  mm,  s i l i c a   g e l ,   s o l v e n t :   40%  e t h y l   a c e t a t e -  

n - h e x a n e   s o l u t i o n )   to   y i e l d   152  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 3 - m e t h y l t h i o b e n z e n e .   C o l o r l e s s   o i l y  

s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :  

2 . 4 6   (3H,  s ) ,   3 . 5 4   (3H,  s ) ,   3 . 6 7   (3H,  s ) ,  

3 . 8 2   (3H,  s ) ,   3 . 8 5   (3H,  s ) ,   5 . 1 2   (2H,  s ) ,   5 . 1 9  

(2H,  s ) ,   6 . 7 8   ( l H ,   s ) .  

R e f e r e n c e   E x a m p l e   2 3  

5 .0   Grams  of   l , 4 - d i m e t h o x y - 2 , 5 - ( d i m e t h o x y m e t h o x y ) -  

b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t   o f   250  ml  o f  



t e t r a h y d r o f u r a n   w i t h   25  ml  of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,  

t h e n   to   t h i s   s o l u t i o n   was  a d d e d   3 .5   ml  o f   N , N , N ' , N ' -  

t e t r a m e t h y l e t h y l e n e d i a m i n e   and  t h e   w h o l e   m i x t u r e   w a s  

c o o l e d   to  - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   N e x t ,   15  m l  

of   n - b u t y l l i t h i u m   was  a d d e d ,   and  30  m i n u t e s   l a t e r   o x y g e n  

g a s   was  b l o w n   t o   t h e   r e a c t i o n   m i x t u r e   f o r   30  m i n u t e s .   T h e  

r e a c t i o n   m i x t u r e   was   t h e n   c o n c e n t r a t e d ,   and   300  ml  o f  

e t h y l   a c e t a t e   was  a d d e d   to   t h e   r e s i d u e ,   t h e   o r g a n i c   l a y e r  

was   w a s h e d   t w i c e   w i t h   a  s a t u r a t e d   s o d i u m   b i s u l f i t e   a q u e o u s  

s o l u t i o n ,   w a s h e d   w i t h   w a t e r   and   w i t h   a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e .   The  s o l u t i o n   was  c o n c e n t r a t e d   to   y i e l d  

4 . 1   g  of   1 , 4 - d i m e t h o x y - 2 , 5 - d i m e t h o x y m e t h y l o x y - 6 - h y d r o x y -  

b e n z e n e .   A m o r p h o u s   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :  

3 . 5 2   (3H,  s ) ,   3 . 5 9   (3H,  s ) ,   3 . 8 0   (3H,  s ) ,  

3 . 8 7   (3H,  s ) ,   5 . 0 8   (2H,  s ) ,   5 . 1 9   (2H,  s )  ,  

6 . 3 3   ( l H ,   s ) ,   6 . 4 2   ( l H ,   s ,   O H ) .  

E x a m p l e   1  

The  e x t r a c t i o n   f r o m   2 . 1 9   k i l o g r a m s   o f   r h i z o m e  

o f   A r d i s i a  j a p o n i c a   ( T h u n b . )   Blume  ( p r o d u c e   o f   J a p a n )   w a s  

c a r r i e d   o u t   3  t i m e s   w i t h   10  l i t e r s   o f   m e t h a n o l   a t  r o o m  

t e m p e r a t u r e   f o r   3  d a y s .   The  e x t r a c t   o b t a i n e d   w a s  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o   g i v e   145  g  o f  

r e s i d u e   as  t h e   p r i m a r y   e x t r a c t .   T h e n   2  l i t e r s   of   m e t h a n o l -  

w a t e r   ( 1 : 4   m i x t u r e   by  v o l u m e / v o l u m e )   was   a d d e d   to   t h e  

p r i m a r y   e x t r a c t ,   t h e   e x t r a c t i o n   f r o m   w h o l e   m i x t u r e   t h u s  



o b t a i n e d   was  f u r t h e r   e x t r a c t e d   3  t i m e s   w i t h   1  l i t e r   o f  

n - h e x a n e .   The  n - h e x a n e   e x t r a c t   was  c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   to   o b t a i n   9 .8   g  of   r e s i d u e   as  t h e  

s e c o n d a r y   e x t r a c t .   The  s e c o n d a r y   e x t r a c t   was  f r a c t i o n a t e d  

by  m e a n s   of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   to   o b t a i n  

a  f r a c t i o n   c o n t a i n i n g   5 - m e t h o x y - 3 - ( Z - 1 0 - p e n t a d e c e n y l ) - 1 , 4 -  

b e n z o q u i n o n e   ( C o m p o u n d   A ) .   T h i s   f r a c t i o n   c o n t a i n i n g  

C o m p o u n d   A  was  f u r t h e r   p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( a d s o r b e n t :   " S i l i c a   g e l   60"  m a n u f a c t u r e d  

by  E.  M e r c k   A . G . ,   D a r m s t a d t ,   G e r m a n y ;   e l u e n t :   c h l o r o f o r m ) .  

The  c r u d e   p r o d u c t   o b t a i n e d   c o n t a i n i n g   Compound   A  w a s  

p u r i f i e d   by  m e a n s   of   a  h i g h - p e r f o r m a n c e   l i q u i d   c h r o m a t o -  

g r a p h y   ( f i l l e r :   2 0 % - s i l v e r   n i t r a t e - s i l i c a   g e l ,   d i a m e t e r  

8  mm  x  l e n g t h   300  mm,  e l u e n t :   n - h e x a n e - e t h y l   a c e t a t e  

( 8 5 : 1 5   m i x t u r e   by  v o l u m e / v o l u m e ) ,   f l o w   r a t e :   2 . 5   m l / m i n . ,  

d e t e c t o r :   d i t e c t i o n   a t   290  nm) ,   t h e n   r e c r y s t a l l i z e d   f r o m  

e t h a n o l - w a t e r   ( 1 : 4   m i x t u r e   by  v o l u m e / v o l u m e )   to   o b t a i n  

5 7 . 5   mg  o f   5 = m e t h o x y - 3 - ( Z - 1 0 - p e n t a d e c e n y l ) - 1 , 4 - b e n z o -  

q u i n o n e   ( C o m p o u n d   A ) .   Y e l l o w   c r y s t a l s .  

M e l t i n g   p o i n t :   3 9 . 5  -   4 1 . 5 ° C .  

IR,   ν C H C l 3 :   2 9 6 0 ,   2 8 7 5 ,   1 6 8 0 ,   1 6 5 0 ,   1 6 2 5 ,   1 6 0 5 ,  
m a x  

1 4 6 0 ,   1 3 2 5 ,   1 2 2 0 ,   1 1 8 0 ,   1 0 5 5 ,   900 ,   835  c m - 1 .  

PMR,  δCDCl3  (400  MHz):  0 . 9 0   (3H,  t ,   J = 7 . 3 H z ) ,  
p p m  

1 - . 2 0  -   1 4 . 0   (16H,   m) ,   2 . 0 1   (4H,  m) ,   2 . 4 3   ( 2 H ,  

d t ,   J = 7 . 8 H z ,   1 . 4 H z ) ,   3 . 8 2   (3H,  s ) ,   5 . 3 5   ( 2 H ,  

m) ,   5 . 8 8   ( lH ,   d,  J = 2 . 2 H z ) ,   6 . 4 8   ( lH ,   d t ,  

J = 2 . 2 H z ,   1 . 4 H z ) .  

CMR,  (50  MHz  δ C D C l 3 ) :   1 3 . 9 ,   2 2 . 4 ,   2 7 . 0 ,   2 7 . 3 ,   2 8 . 0 ,  
PPM 



2 8 . 8 ,   2 9 . 3 ,   2 9 . 6 ,   2 9 . 8 ,   3 2 . 1 ,   5 6 . 2 ,   1 0 7 . 3 ,   1 3 0 . 0  

1 3 3 . 1 ,   1 4 7 . 9 ,   1 5 9 . 3 ,   1 8 2 . 2 ,   1 8 7 . 6 .  

UV,  λ E t O H :  266nm  ( ε = 1 1 , 0 0 0 )  ,   362nm  ( s = 7 5 0 ) .  
m a x  

Mass   s p e c t r o m e t r y   ( f o r   C 2 2 H 3 4 O 3 ) :  

C a l c u l a t e d   m / z :   3 4 6 . 2 5 0 7  

F o u n d   m / z :   3 4 6 . 2 4 9 7  

E l e m e n t a r y   a n a l y s i s :  

C  H 

C a l c u l a t e d   (%):  7 6 . 2 6   9 . 8 9  

F o u n d   (%):  7 6 . 1 1   9 . 9 5  

E x a m p l e   2  

F o l l o w i n g   to   t h e   f r a c t i o n a t i o n   by  m e a n s   o f   a  

s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   c o n d u c t e d   i n   t h e   a b o v e -  

m e n t i o n e d   E x a m p l e   1,  a  f r a c t i o n   c o n t a i n i n g   5 - m e t h o x y - 2 -  

h y d r o x y - 3 - ( Z - 8 - t r i d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e   ( C o m p o u n d   B) 

was   o b t a i n e d   by  e l u t i n g   w i t h   c h l o r o f o r m - m e t h a n o l   ( 2 0 : 1  

m i x t u r e   by  v o l u m e / v o l u m e ) .   T h i s   f r a c t i o n   was   f u r t h e r  

p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

" S i l i c a   g e l   60"  m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   D a l m s t a d t ,  

G e r m a n y ,   e l u e n t :   c h l o r o f o r m ) .   The  c r u d e   f r a c t i o n   c o n t a i n -  

i n g   C o m p o u n d   B  t h u s   o b t a i n e d   was  p u r i f i e d   by  m e a n s   of   a  

h i g h   p e r f o r m a n c e   l i q u i d   c h r o m a t o g r a p h y   [ f i l l e r :   " L i c h r o s o r b  

P R - 2 "   m a n u f a c t u r e d   by  E.  M e r c k   A . G . ,   D a l m s t a d t ,   G e r m a n y ) ,  

d i a m e t e r   8  mm  x  l e n g t h   300  mm,  e l u e n t :   m e t h a n o l - w a t e r -  

a c e t i c   a c i d   ( 7 5 : 2 5 : 0 . 0 6   by  v o l u e m / v o l u m e ) ,   f l o w   r a t e :  

4  m l / m i n . ,   d i t e c t o r :   d e t e c t i o n   a t   280  nm] ,   t h e n   r e c r y s t a l -  

l i z e d   f r o m   e t h a n o l - w a t e r   (4:   1  by  v o l u m e / v o l u m e )   to   o b t a i n  



98  mg  of   5 - m e t h o x y - 2 - h y d r o x y - 3 - ( Z - 8 - t r i d e c e n y l ) - 1 , 4 -  

b e n z o q u i n o n e .   O r a n g e   y e l l o w   p l a t e - l i k e   c r y s t a l s .  

M e l t i n g   p o i n t :   6 2  -   6 4 ° C .  

IR,   νKBr :   3 3 6 0 ,   2 9 4 0 ,   2 8 6 0 ,   1 6 6 0 ,   1 6 3 5 ,   1 6 0 0 ,   1 4 6 5 ,  
m a x  

1 4 4 5 ,   1 3 8 5 ,   1 3 5 8 ,   1 3 0 0 ,   1 2 0 5 ,   1 1 1 5 ,   1 0 8 2 ,   1 0 4 0 ,  

1 0 1 5 ,   9 7 0 ,   9 1 5 ,   8 3 8 ,   7 6 0 ,   6 0 0 ,  5 6 5   c m - 1 .  

PMR,  δCDCl3  (400  MHz):   0 . 8 9   (3H,  t ,   J = 7 . 3 H z ) ,   1 . 2 0  -  
p p m  

1 . 4 0   (12H,   m) ,   1 . 4 5   (2H,  m) ,   2 . 0 1   (4H,  m ) ,  

2 . 4 3   (2H,  t ,   J = 7 . 5 H z ) ,   3 . 8 5   (3H,  s ) ,   5 . 3 4   ( 2 H ,  

m) ,   5 . 8 3   ( lH ,   s ) ,   7 . 2 2   (1H,  s ) .  

CMR,  (50  MHz  δ C D C l 3 ) :   1 3 . 9 ,   2 2 . 3 ,   2 2 . 6 ,   2 6 . 9 ,   2 7 . 2 ,  
p p m  

2 8 . 0 ,   2 9 . 1 6 ,   2 9 . 2 4 ,   2 9 . 5 ,   2 9 . 7 ,   3 1 . 9 ,   5 6 . 6 ,  

1 0 2 . 2 ,   1 1 9 . 3 ,   1 2 9 . 8 ,   1 5 1 . 5 ,   1 6 1 . 2 ,   1 8 1 . 6 ,  

1 8 2 . 8 .  

UV,  λEtOH:  287  nm  ( ε = 1 7 , 7 0 0 )  ,   420  nm  ( E = 5 0 0 ) .  
m a x  

Mass  s p e c t r o m e t r y   ( f o r   C 2 0 H 3 0 C 4 ) :  

C a l c u l a t e d   m / z :   3 3 4 . 2 1 4 3  

F o u n d   m / z :   3 3 4 . 2 1 2 8  

E l e m e n t a r y   a n a l y s i s :  
C  H 

C a l c u l a t e d   (%):  7 1 . 8 2   9 . 0 4  

F o u n d   (%):  7 1 . 9 8   8 . 9 5  

E x a m p l e   3 

The  e x t r a c t i o n   f r o m   1 . 2 3   k i l o g r a m s   o f   A r d i s i a  

S i e b o l d i i   M i q .   ( p r o d u c e   of   J a p a n )   was  e x t r a c t e d   3  t i m e s  



w i t h   10  l i t e r s   of  m e t h a n o l   a t   room  t e m p e r a t u r e   f o r   3  d a y s .  

The  e x t r a c t   o b t a i n e d   was  c o n c e n t r a t e d   u n d e r   a  r e d u c e d  

p r e s s u r e   to   o b t a i n   r e s i d u e   as  t h e   p r i m a r y   e x t r a c t .   T o  

188  g  o f   t h e   p r i m a r y   e x t r a c t   was  a d d e d   2  l i t e r s   o f  

m e t h a n o l - w a t e r   ( 1 : 4   m i x t u r e   by  v o l u m e / v o l u m e ) ,   t h e n  

d i s t r i b u t i o n a l   e x t r a c t i o n   was  c o n d u c t e d   3  t i m e s   w i t h   2 

l i t e r s   of   n - h e x a n e .   A f t e r   r e m o v a l   of   t h e   n - h e x a n e   l a y e r ,  

f u r t h e r   e x t r a c t i o n   was   c o n d u c t e d   3  t i m e s   w i t h   2  l i t e r s  

o f   b e n z e n e .   The  b e n z e n e   e x t r a c t   was  c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   t o   o b t a i n   3 7 . 8   g  of   r e s i d u e   as  t h e  

s e c o n d a r y   e x t r a c t .   The  s e c o n d a r y   e x t r a c t   was   f r a c t i o n a t e d  

by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   [ a d s o r b e n t :  

" S i l i c a   g e l   60"  m a n u f a c t u r e d   by  E.  Merck   A.  G . ,   D a r m s t a d t ,  

G e r m a n y ,   e l u e n t :   b e n z e n e - e t h y l   a c e t a t e   ( 8 : 1   m i x t u r e   b y  

v o l u m e / v o l u m e ) ]   to   o b t a i n   a  f r a c t i o n   c o n t a i n i n g   5 - m e t h o x y -  

2 - h y d r o x y - 3 - ( Z - 8 - h e p t a d e c e n y l ) - l , 4 - b e n z o q u i n o n e   ( C o m p o u n d  

C ) .   T h i s   f r a c t i o n   c o n t a i n i n g   Compound   C  was   f u r t h e r  

p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

" S i l i c a   g e l   6 0 " ,   m a n u f a c t u r e   by  E.  M e r c k   A . G . ,   e l u e n t :  

c h l o r o f o r m ) ,   t h e n   r e c r y s t a l l i z e d   f rom  e t h a n o l - w a t e r  

( 4 : 1   m i x t u r e   by  v o l u e m / v o l u m e )   to   o b t a i n   80  mg  of   5 -  

m e t h o x y - 2 - h y d r o x y - 3 - ( Z - 8 - h e p t a d e c e n y l ) - l , 4 - b e n z o q u i n o n e  

( C o m p o u n d   C) .   O r a n g e   y e l l o w   p l a t e   c r y s t a l s .  

M e l t i n g   p o i n t :   6 9 . 5  -   7 0 . 5 ° C  

IR,   νKBr max:  3 3 6 0 ,   2 9 4 0 ,   2 8 6 0 ,   1 6 6 0 ,   1 6 3 5 ,   1 5 9 8 ,   1 4 6 2 ,  m a x  

1 4 4 2 ,   1 3 8 2 ,  1 3 5 5 ,   1 3 1 0 ,   1 2 0 0 ,   1 1 1 5 ,   1 0 6 0 ,   9 1 5 ,  

835 ,   7 6 0 ,   6 8 5 ,   6 0 0 ,   565  c m - 1 .  



PMR,  δCDCl3  (400  MHz):  0 . 8 8   (3H,  t ,   J = 6 . 4 H z ) ,   1 . 2 0  -  
p p m  

1 . 4 0   (20H,   m) ,   1 . 4 5   (2H,   m),   2 . 0 0   (4H,  m ) ,  

3 . 8 6   (3H,  s ) ,   5 . 3 4   (2H,  m),   5 . 8 5   ( lH,   s ) ,  

7 . 2 6   (1H,  s ) .  

CMR,  (50  MHz  δ C D C l 3 ) :   1 4 . 1 ,   2 2 . 8 ,   2 7 . 4 ,   2 8 . 1 ,   2 9 . 4 ,  
p p m  

2 9 . 6 ,   2 9 . 9 ,   3 2 . 0 ,   5 6 . 7 ,   1 0 2 . 4 ,   1 1 9 . 6 ,   1 3 0 . 0 7 ,  

1 3 0 . 1 3 ,   1 5 1 . 8 ,   1 6 1 . 6 ,   1 8 1 . 8 ,   1 8 3 . 1 .  

UV,  λ E t O H :  285  nm  ( ε = 2 5 , 2 0 0 ) ,   420  nm  ( ε = 6 0 0 )  
m a x  

Mass  s p e c t r o m e t r y :   ( f o r   C 2 4 H 3 8 O 4 ) :  

C a l c u l a t e d   m / z :   3 9 0 . 2 7 7 8  

F o u n d   m / z :   3 9 0 . 2 7 7 7  

E l e m e n t a r y   a n a l y s i s :  
C  H 

C a l c u l a t e d   (%):  7 3 . 8 0   9 . 8 1  

F o u n d   (%):  7 3 . 7 8   9 . 9 0  

E x a m p l e   4 

F o l l o w i n g   to   t h e   f r a c t i o n a t i o n   by  m e a n s   o f   a  

s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   c o n d u c t e d   in   t h e   a b o v e -  

m e n t i o n e d   E x a m p l e   3,  a  f r a c t i o n   c o n t a i n i n g   1 - ( 5 - m e t h o x y -  

2 - h d r o x y - 1 , 4 - b e n z o q u i n o n e - 3 - y l ) - 1 6 - ( 5 - m e t h o x y - 2 - h y d r o x y -  

6 - m e t h y l - l , 4 - b e n z o q u i n o n e - 3 - y l ) - Z - 8 - h e x a d e c e n e   ( C o m p o u n d  

D)  was  o b t a i n e d .   T h i s   f r a c t i o n   was  f u r t h e r   p u r i f i e d   b y  

means   of  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

" S i l i c a   g e l   100"   m a n u f a c t u r e   by  E.  Merck   A.  G. ,   e l u e n t :  

c h l o r o f o r m ) .   The  c r u d e   f r a c t i o n   t h u s   o b t a i n e d   c o n t a i n i n g  



C o m p o u n d   D  was  p u r i f i e d   by  m e a n s   of   a  s e p a r a t i n g   t h i n  

l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   " S i l i c a   g e l   60  F 2 5 4 "  

m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p e r :   c h l o r o f o r m ) ,  

t h e n   r e c r y s t a l l i z e d   f r o m   b e n z e n e - h e x a n e   ( 4 : 1   m i x t u r e   b y  

v o l u e m / v o l u m e )   to   o b t a i n   1 6 8 . 3   mg  of   1 - ( 5 - m e t h o x y - 2 -  

h y d r o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 5 - m e t h o x y - 2 - h y d r o x y - 6 -  

m e t h y l - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a d e c e n e   ( C o m p o u n d   D ) .  

O r a n g e   y e l l o w   p o w d e r y   c r y s t a l s .  

M e l t i n g   p o i n t :   8 8  -   9 0 ° C  

IR,   ν K B r :  3 3 7 0 ,   2 9 5 0 ,   2 8 6 0 ,   1 6 6 0 ,   1 6 3 0 ,   1 6 0 0 ,   1 4 6 5 ,  
m a x  

1 4 4 5 ,   1 3 8 5 ,   1 3 5 5 ,   1 2 9 0 ,   1 2 1 0 ,   1 1 3 0 ,   9 9 0 ,   9 2 0 ,  

840 ,   7 6 0 ,   6 8 5 ,   6 4 0 ,   6 0 0 ,   565  c m - 1 .  

PMR,  δCDCl3  (400  MHz):   1 . 2  -   1 . 4   (16H,   m) ,   1 . 4 4   ( 4 H ,  
p p m  

m),   1 . 9 3   (3H,  s ) ,   2 . 0 0   (4H,  m) ,   2 . 4 0   (2H,  t ,  

J = 7 . 3 H z ) ,   2 . 4 5   (2H,  t ,   7 . 3 H z ) ,   3 . 8 6   (3H,  s ) ,  

4 . 0 9   (3H,  s ) ,   5 . 3 3   (2H,  m),   5 . 8 4   ( lH ,   s ) ,   7 . 1 9  

(2H,  b s ) .  

CMR,  (50  MHz  δ C D C l 3 ) :   8 . 0 ,   2 2 . 7 0 ,   2 2 . 7 6 ,   2 7 . 3 ,   2 8 . 1 ,  
p p m  

2 8 . 3 ,   2 9 . 4 ,   2 9 . 6 ,   2 9 . 8 ,   5 6 . 7 ,   6 1 . 5 ,   1 0 2 . 9 ,  

1 1 9 . 1 ,   1 1 9 . 6 ,   1 2 2 . 9 ,   1 3 0 . 1 ,   1 5 1 . 1 ,   1 5 1 . 8 ,  

1 5 7 . 6 ,   1 6 1 . 6 ,   1 8 1 . 8 ,   1 8 3 . 1 ,   1 8 3 . 8 ,   1 8 4 . 5 .  

UV,  λ E t O H :  287  nm  ( ε = 3 4 , 9 0 0 )  ,   420  nm  ( e = 8 0 0 )  
m a x  

Mass   s p e c t o m e t r y   ( f o r   C 3 1 H 4 2 O 8 ) :  

C a l c u l a t e d   m / z :   5 4 2 . 2 8 7 8  

F o u n d   m / z :   5 4 2 . 2 8 7 8  



E l e m e n t a r y   a n a l y s i s :  

C  H 

C a l c u l a t e d   (%):  6 7 . 6 1   7 . 8 0  

F o u n d   (%):  6 7 . 6 8   7 . 7 4  

E x a m p l e   5 

The  f r a c t i o n   o b t a i n e d   i n   E x a m p l e   4  was  f r a c -  

t i o n a t e d   by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

[ " S i l i c a   g e l   1 0 0 "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   e l u e n t :  

c h l o r o f o r m - m e t h a n o l   ( 5 0 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ] ,  

A  f r a c t i o n   c o n t a i n i n g   1 - ( 2 - h y d r o x y - 5 - m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - 1 6 ( 4 - m e t h y l - 3 , 5 - d i h y d r o x y p h e n y l ) - Z - 8 -  

h e x a d e c e n e   was   o b t a i n e d .   T h i s   f r a c t i o n   was  f u r t h e r  

f r a c t i o n a t e d   by  m e a n s   o f   a  p r e p a r a t i v e   t h i n   l a y e r  

c h r o m a t o g r a p h y   [ a d s o r b e n t : " S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c -  

t u r e d   by  E.  M e r c k   A.  G. ,   d e v e l o p i n g   s o l v e n t :   c h l o r o f o r m -  

m e t h a n o l   ( 2 0 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ] .   Thus   o b t a i n e d  

f r a c t i o n   was  p u r i f i e d   by  a n o t h e r   p r e p a r a t i v e   t h i n   l a y e r  

c h r o m a t o g r a p h y   [ a d s o r b e n t :   " S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c -  

t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p i n g   s o l v e n t :   b e n z e n e - e t h y l  

a c e t a t e   ( 5 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ]   to   o b t a i n   131  mg  

of  1 - ( 2 - h y d r o x y - 5 - m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 4 -  

m e t h y l - 3 ,   - d i h y d r o x y p h e n y l ) - Z - 8 - h e x a d e c e n e .   O r a n g e  

p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   8 5  -   8 7 ° C  

IR,   ν K B r :   3 3 7 5 ,   3 0 5 0 ,   2 9 5 0 ,   2 8 7 5 ,   1 6 4 2 ,   1 6 1 8 ,   1 5 9 8 ,  
m a x  

1 4 6 0 ,   1 4 4 0 ,   1 3 6 0 ,   1 3 2 0 ,   1 2 1 0 ,   1 1 5 0 ,   1 0 7 5 ,   8 3 5 ,  

7 9 5 ,   720 ,   670  c m - 1 .  



PMR,  δCDCl3  (300  MHz):  1 . 2  -   1 .6   ( 2 0 H ) ,   2 . 0 0   (4H,  m ) ,  
p p m  

2 . 1 0   (3H,  s )  ,   2 . 4 4   (4H,  t ,   J = 7 . 3 H z ) ,   3 . 8 5  

(3H,  s ) ,   4 . 9 0   (2H,  b r s ) ,   5 . 3 3   (2H,  m) ,   5 . 8 3  

( lH ,   s ) ,   6 . 2 4   (2H,  s ) ,   7 . 2 5   ( l H ,   b r s ) .  

CMR,  δCDCl3  (50  MHz):  7 . 8 ,   2 2 . 9 ,   2 7 . 5 ,   2 8 . 3 ,   2 9 . 5 ,  
p p m  

2 9 . 8 ,   3 0 . 0 ,   3 1 . 3 ,   3 5 . 8 ,   5 6 . 8 ,   1 0 2 . 5 ,   1 0 8 . 0 ,  

1 0 8 . 3 ,   1 1 9 . 8 ,   1 3 0 . 2 ,   1 4 2 . 3 ,   1 5 2 . 0 ,   1 5 5 . 1 ,   1 6 1 . 8 ,  

1 8 2 . 1 ,   1 8 3 . 3 .  

Mass  s p e c t r o m e t r y :   m/z   498  (M+),   4 8 3 ,   1 7 7 ,   169 ,   1 6 8 ,  

1 6 3 ,   1 5 1 ,   1 3 8 ,   1 3 7 .  

Mass   s p e c t r o m e t r y   ( f o r   C 3 0 H 4 2 O 6 ) :  

C a l c u l a t e d   m / z :   4 9 8 . 2 9 8 1  

F o u n d   m / z :   4 9 8 . 2 9 7 2  

E x a m p l e   6 

The  f r a c t i o n   o b t a i n e d   in   E x a m p l e   4  was  f r a c -  

t i o n a t e d   by  m e a n s   of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

[ " S i l i c a   g e l   100"   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   e l u e n t :  

c h l o r o f o r m - m e t h a n o l   ( 1 0 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ] ,  

a  f r a c t i o n   c o n t a i n i n g   1 - ( 2 - h y d r o x y - 5 - m e t h o x y - 1 , 4 - b e n z o q u i n o n -  

3 - y l ) - 1 6 - ( 3 , 5 - d i h y d r o x y p h e n y l ) - Z - 8 - h e x a d e c e n e   was  o b t a i n e d .  

T h i s   f r a c t i o n   was  f u r t h e r   f r a c t i o n a t e d   by  m e a n s   o f  

p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   [ a d s o r b e n t :   " S i l i c a  

g e l   60  F 2 5 4 "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p i n g  

s o l v e n t :   c h l o r o f o r m - m e t h a n o l   ( 2 0 : 1  m i x t u r e   by  v o l u m e /  

v o l u m e ) ] .   Thus   o b t a i n e d   f r a c t i o n   was   p u r i f i e d   by  m e a n s  



of  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   [ a d s o r b e n t :  

" S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c t u r e d   by  E.  Merck   A.  G . ,  

d e v e l o p i n g   s o l v e n t :   b e n z e n e - e t h y l   a c e t a t e   ( 2 : 1   m i x t u r e   b y  

v o l u m e / v o l u m e ) ]   to   o b t a i n   150  mg  of   1 - ( 2 - h y d r o x y - 5 -  

m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 3 , 5 - d i h y d r o x y p h e n y l ) -  

Z - 8 - h e x a d e c e n e .   Y e l l o w   b r a w n   o i l y   s u b s t a n c e .  

I r ,   νKBr :   3 3 9 0 ,   3 0 5 0 ,   2 9 6 0 ,   2 8 8 0 ,   1 6 4 2 ,   1 6 1 0 ,   1 4 5 8 ,  m a x  

1 3 8 5 ,   1 3 6 0 ,   1 3 1 5 ,   1 2 1 5 ,   1 1 5 5 ,   1 0 4 0 ,   9 9 5 ,   8 4 0 ,  

795 ,   695  c m - 1 .  

PMR,  δ C D C l 3 +   CD30D  (20%)  (400  MHz):  1 . 0  -   1 . 4   ( 2 0 H ,  
PPm 

m),   1 . 7 7   (4H,  m) ,   2 . 1 8   (2H,  t ,   J = 7 . 6 H z ) ,   2 . 2 2  

(2H,  t ,   J = 7 . 3 H z ) ,   3 . 6 0   (3H,  s ) ,   5 . 0 9   (2H,  m ) ,  

5 . 5 7   ( l H ,   s ) ,   5 . 9 0   ( lH ,   t ,   J = 2 . 2 H z ) ,   5 . 9 5  

(2H,  d,  J = 2 . 2 H z ) .  

CMR,  δCDCl3  (50  MHz):  2 2 . 8 ,   2 7 . 3 ,   2 8 . 1 ,   2 9 . 4 ,   2 9 . 6 ,  
p p m  

2 9 . 8 ,   3 1 . 0 ,   3 6 . 0 ,   5 6 . 8 ,   1 0 0 . 8 ,   1 0 2 . 4 ,   1 0 8 . 3 ,  

1 1 9 . 7 ,   1 3 0 . 2 ,   1 4 6 . 2 ,   1 5 2 . 1 ,   1 5 7 . 1 ,   1 6 1 . 5 ,  

1 8 2 . 2 ,   1 8 3 . 2 .  

Mass   s p e c t r o m e t r y   ( f o r   C 2 9 H 4 0 0 6 )  

C a l c u l a t e d   m / z :   4 8 4 . 2 8 2 5  

F o u n d   m / z :   4 8 4 . 2 8 2 1  

E x a m p l e   7 

303  M i l l i g r a m s   of   1 , 1 6 - b i s ( 5 - m e t h o x y - 2 - h y d r o x y -  

l , 4 - b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a n e   was  d i s s o l v e d   i n   10  m l  

of  m e t h y l e n e   c h l o r i d e ,   t h e n   t o   t h i s   s o l u t i o n   was  a d d e d   a  



s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   100  mg  of   m - c h l o r o b e n z o i c  

a c i d   i n   5  ml  of   m e t h y l e n e   c h l o r i d e ,   and  t h e   m i x t u r e   w a s  

s t i r r e d   a t   room  t e m p e r a t u r e   f o r   2  h o u r s .   The  s o l v e n t  

was  r e m o v e d   f r o m   t h e   r e a c t i o n   m i x t u r e   by  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d  

by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   [ " S i l i c a  

g e l   100"   m a n u f a c t u r e d   by  E.  M e r c k   A.  G. ,   e l u e n t :   b e n z e n e -  

e t h y l   a c e t a t e - t e t r a h y d r o f u r a n   ( 5 : 4 : 1   m i x t u r e   by  v o l u m e /  

v o l u m e ) ] ,   t h e n   r e c r y s t a l l i z e d   f r o m   e t h y l   a c e t a t e - n - h e x a n e  

to   o b t a i n   200  mg  o f   1 , 1 6 - b i s ( 5 - m e t h o x y - 2 - h y d r o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - 8 , 9 - e p o x y h e x a d e c a n e .   Y e l l o w   p o w d e r y  

s u b s t a n c e .  

M e l t i n g   p o i n t :   1 3 4  -   1 3 6 ° C .  

PMR  δ C D C l 3  (400  MHz):   1 . 2  -   1 . 5   ( 2 4 H ) ,   2 . 4 4   ( 4 H ,  
p p m  

t ,   J = 7 . 7 H z ) ,   2 . 8 9   (2H,  b r s ) ,   3 . 8 6   (6H,  s ) ,  

5 . 8 3   (2H,  s ) ,   7 . 2 6   ( o v e r l a p p e d ) .  

Mass   s p e c t r o m e t r y :   m/z   544  (M+),   185 ,   1 6 7 ,   1 4 9 ,   1 3 7 .  

E x a m p l e   8 

37  M i l l i g r a m s   of  1 , 1 6 - b i s ( 5 - m e t h o x y - 2 - h y d r o x y -  

l , 4 - b e n z o q u i n o n - 3 - y l ) - 8 , 9 - e p o x y h e x a d e c a n e   was  d i s s o l v e d  

in   2  m l   of   t e t r a h y d r o f u r a n ,   t o   t h i s   s o l u t i o n   was  a d d e d  

0 .5   ml  of  5%  p e r c h l o r i c   a c i d   a q u e o u s   s o l u t i o n   and  t h e  

m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   4  h o u r s .  

T h e n ,   30  ml  of  d i e t h y l   e t h e r   was  a d d e d   to   t h e   r e a c t i o n  

I  m i x t u r e ,   and  t h e   o r g a n i c   l a y e r   was   w a s h e d   w i t h   a  s a t u r a t e d  



s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n   s e v e r a l   t i m e s ,   a n d  

d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .   T h i s   e x t r a c t   w a s  

p u r i f i e d   by  m e a n s   of   a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o -  

g r a p h y   [ a d s o r b e n t :   " S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c t u r e d   b y  

E.  Merck   A.  G . ,   d e v e l o p i n g   s o l v e n t :   c h l o r o f o r m - m e t h a n o l  

( 8 5 : 1 5   m i x t u r e   by  v o l u m e / v o l u m e ) ] ,   t h e n   r e c r y s t a l l i z e d  

f r o m   e t h y l   a c e t a t e - n - h e x a n e   to   o b t a i n   12  mg  of   1 , 1 6 - b i s -  

( 5 - m e t h o x y - 2 - h y d r o x y - l , 4 - b e n z o q u i n o n - 3 - y l ) - 8 , 9 -  

d i h y d r o x y h e x a d e c a n e .   Y e l l o w   p o w d e r y   c r y s t a l s .  

M e l t i n g   p o i n t :   1 3 2  -   1 3 4 ° C  

PMR,  δCDCl3  (400  MHz):  1 . 2  -   1 . 5   ( 2 4 H ) ,   2 . 0 1   (2H,  b r s ) ,  
p p m  

2 . 4 4   (4H,  t ,   J = 7 . 3 H z ) ,   3 . 4 0   (2H,  b r s ) ,   3 . 8 6   ( 6 H ,  

s ) ,   5 . 8 3   (2H,  s ) ,   7 . 3 0   (2H,  b r s ) .  

Mass  s p e c t r o m e t r y   m/z  562  (M+):  5 4 4 ,   516 ,   2 8 2 ,   1 9 3 ,  

169 ,   1 5 3 ,   1 3 9 .  

E x a m p l e   9 

12  M i l l i g r a m s   of   1 , 1 6 - b i s ( 5 - m e t h o x y - 2 - h y d r o x y -  

1 , 4 - b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a d e c e n e   was   d i s s o l v e d   i n  

3  ml  of  m e t h a n o l - d i e t h y l   e t h e r   ( 1 : 1   m i x t u r e   by  v o l u m e /  

v o l u m e ) ,   to   t h i s   s o l u t i o n  w a s   a d d e d   0 . 5   ml  of   2%  d i a z o -  

m e t h a n   d i e t h y l   e t h e r   s o l u t i o n   u n d e r   an  i c e - c o o l i n g  

c o n d i t i o n .   The  r e a c t i o n   m i x t u r e   was  t r e a t e d   on  a  

p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   [ a d s o r b e n t :   " S i l i c a  

g e l   60  F254"   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p i n g  

s o l v e n t :   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1   m i x t u r e   by  v o l u m e /  



v o l u m e ) ]   to   o b t a i n   10  mg  of   1 , 1 6 - b i s ( 2 , 5 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a d e c e n e .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δCDCl3  (400  MHz):   1 . 2  -   1 .5   ( 2 0 H ) ,   1 . 9 9   (4H,  m ) ,  
p p m  

2 . 4 2   (4H,  t ,   J = 7 . 5 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   ( 6 H ,  

s ) ,   5 . 3 3   (2H,  m) ,   5 . 7 2   (2H,  s ) .  

Mass   s p e c t o m e t r y   m/z   556  (M+):  3 7 4 ,   2 0 7 ,   1 9 3 ,   1 8 3 ,  

1 6 9 ,   167 ,   1 5 3 .  

E x a m p l e   1 0  

9  M i l l i g r a m s   o f   1 , 1 6 - b i s ( 2 , 5 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - c i s - 8 - h e x a d e c e n e   was  d i s s o l v e d   i n   1  m l  

of   m e t h y l e n e   c h l o r i d e ,   t h e n   to   t h i s   s o l u t i o n   was  a d d e d  

8  mg  o f   m - c h l o r o b e n z o i c   a c i d   and  t h e   m i x t u r e   was   s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   1  h o u r .   A f t e r   t h e   c o m p l e t i o n  

of   t h e   r e a c t i o n ,   t h e   s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   by  m e a n s   o f   a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o -  

g r a p h y   [ a d s r o b e n t :   " S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c t u r e d   b y  

E.  M e r c k   A.  G . ,   d e v e l o p i n g   s o l v e n t :   b e n z e n e - e t h y l   a c e t a t e  

( 5 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ]   to   o b t a i n   3  mg  o f   1 , 1 6 -  

b i s ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 8 , 9 - e p o x y h e x a d e c a n e .  

Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δCDCl3  (200  MHz):   1 . 2  -   1 . 5   ( 2 4 H ) ,   2 . 4 3   ( 4 H ,  
p p m  

t ,   J = 7 . 3 H z ) ,   2 . 8 9   (2H,  m) ,   3 . 8 0   (6H,  s ) ,  

4 . 0 5   (6H,  s ) ,   5 . 7 3   (2H,  s ) .  

Mass   s p e c t o m e t r y   m/z   572  (M+):  2 0 7 ,  1 9 3 ,   1 8 3 ,  1 6 9 ,  



167 ,   1 5 3 ,   1 3 9 .  

E x a m p l e   1 1  

36  M i l l i g r a m s   of  1 - ( 2 - h y d r o x y - 5 - m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 2 - h y d r o x y - 5 - m e t h o x y - 6 - m e t h y l - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a d e c e n e   was  d i s s o l v e d   in   10  m l  

of  d i e t h y l   e t h e r ,   to   t h i s   s o l u t i o n   was  a d d e d   0 . 5   ml  o f  

2%  d i a z o m e t h a n e   d i e t h y l   e t h e r   s o l u t i o n   u n d e r   an  i c e - c o o l i n g  

c o n d i t i o n   to   c o n d u c t   m e t h y l a t i o n .   N e x t ,   t h e   r e a c t i o n  

m i x t u r e   was  t r e a t e d   on  a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o -  

g r a p h y   [ a d s o r b e n t :   " S i l i c a   g e l   60  F 2 5 4 "   m a n u f a c t u r e d   b y  

E.  Merck   A.  G. ,   d e v e l o p i n g   s o l v e n t :   b e n z e n e - e t h y l   a c e t a t e  

( 5 : 1   m i x t u r e   by  v o l u m e / v o l u m e ) ]   to   o b t a i n   29  mg  o f  

1 - ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 2 , 5 - d i m e t h o x y -  

6 - m e t h y l - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - Z - 8 - h e x a d e c e n e .   Y e l l o w  

o i l y   s u b s t a n c e .  

PMR,  δCDCl3  (400  MHz):  1 . 2  -   1 . 5   (20H,  m),   1 . 9 1   ( 3 H ,  
p p m  

s ) ,   2 . 0 0   (4H,  b r s ) ,   2 . 3 9   (2H,  t ,   J = 7 . 0 H z ) ,  

2 . 4 2   (2H,  t ,   J = 7 . 6 H z ) ,   3 . 8 0   (3H,  s ) ,   3 . 9 8   ( 3 H ,  

s ) ,   3 . 9 9   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   5 . 3 3   (2H,  m ) ,  

5 . 7 2   ( l H ,   s ) .  

Mass  s p e c t o r m e t r y   m/z  570  (M+):  1 9 7 ,   183 ,   167 ,   1 5 3 ,  

147 ,   1 2 3 .  

E x a m p l e   1 2  

25  M i l l i g r a m s   of   1 - ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o -  

q u i n o n - 3 - y l ) - 1 6 - ( 2 , 5 - d i m e t h o x y - 6 - m e t h y l - 1 , 4 - b e n z o q u i n o n -  



3 - y l ) - Z - 8 - h e x a d e c e n e   was  d i s s o l v e d   in   2  ml  of   m e t h y l e n e  

c h l o r i d e ,   t h e n   to   t h i s   s o l u t i o n   was  a d d e d   30  mg  of  m -  

c h l o r o b e n z o i c   a c i d   and   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   1  h o u r .   A f t e r   t h e   r e a c t i o n   w a s  

c o m p l e t e d   t h e   s o l v e n t   was   r e m o v e d   by  e v a p o r a t i o n   u n d e r  

r e d u c e d   p r e s s u r e ,   t h e n   t h e   r e s i d u e   o b t a i n e d   was   p u r i f i e d  

by  means   o f   a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y  

[ a d s o r b e n t :   " S i l i c a   g e l   F 2 5 4 "   m a n u f a c t u r e d   by  E.  M e r c k  

A.  G. ,   d e v e l o p i n g   s o l v e n t :   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1  

m i x t u r e   by  v o l u m e / v o l u m e ) ]   to  o b t a i n   9  mg  of   1 - ( 2 , 5 -  

d i m e t h o x y - l , 4 - b e n z o q u i n o n - 3 - y l ) - 1 6 - ( 2 , 5 - d i m e t h o x y - 6 -  

m e t h y l - l , 4 - b e n z o q u i n o n - 3 - y l ) - 8 , 9 - e p o x y h e x a d e c a n e .   Y e l l o w  

o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm  (400  MHz):  1 . 2  -   1 . 5   ( 2 4 H ) ,   1 . 9 1   ( 3 H ,  

s ) ,   2 . 4 1   (4H,  m),   2 . 8 9   (2H,  b r s ) ,   3 . 8 0   ( 3 H ,  

s ) ,   3 . 9 8   (3H,  s ) ,   3 . 9 9   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,  

6 . 7 1   ( l H ,   s ) .  

Mass  s p e c t o m e t r y   m/z   586  ( M ) :   5 6 8 ,   2 2 1 ,   207 ,   1 9 7 ,  

1 8 3 ,   1 6 7 ,   153 ,   1 3 7 .  

E x a m p l e   1 3  

By  u s i n g   4  mg  of   2 - h y d r o x y - 5 - m e t h o x y - 3 - ( Z - 1 0  

p e n t a d e c e n y l ) - 1 , 4 - b e n z o q u i n o n   and  by  a  m e t h o d   s i m i l a r  

to   t h a t   d e s c r i b e d   i n   E x a m p l e   9,  t h e r e   was  p r e p a r e d   4  mg 

of   2 , 5 - d i m e t h o x y - 3 - ( Z - 1 0 - p e n t a d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e .  

Y e l l o w   o i l y   s u b s t a n c e .  



PMR,  δCDCl3ppm  (200  MHz):  0 . 8 9   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 2  -  

1 .5   ( 1 8 H ) ,   2 . 0 1   ( 4 H ,  m ) ,   2 . 4 2   (2H,  t ,   J = 7 . 6 H z ) ,  

3 . 8 0   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   5 . 3 4   (2H,  m ) ,  

5 . 7 2   ( lH,   s ) .  

Mass  s p e c t r o m e t r y   m/z  376  (M+):  183 ,   169 ,   167 ,   1 5 3 ,  

1 2 3 .  

E x a m p l e   14 

By  u s i n g   4  mg  of   2 , 5 - d i m e t h o x y - 3 - ( Z - 1 0 - p e n t a -  

d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e   and   u s i n g   a  m e t h o d   s i m i l a r   t o  

t h a t   d e s c r i b e d   i n   E x a m p l e   10 ,   t h e r e   was  p r e p a r e d   3  mg  o f  

1 - ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 1 0 , 1 1 - e p o x y -  

p e n t a d e c a n e .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm  (200  MHz):   0 . 9 2   (3H,  t ,   J = 6 . 8 H z ) ,  

1 . 2  -   1 . 5   ( 2 2 H ) ,   2 . 4 2   (2H,  t ,   J = 7 . 0 H z ) ,   2 . 9 1  

(2H,  m) ,   3 . 8 1   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 3  

( lH ,   s ) .  

Mass  s p e c t r o m e t r y   m/z   392  (M+):  3 7 4 ,   306 ,   1 8 1 ,   1 6 9 ,  

168 ,   1 6 7 ,   153 ,   1 3 9 .  

E x a m p l e   1 5  

By  u s i n g   3  mg  of   2 - h y d r o x y - 5 - m e t h o x y - 3 - ( Z -  

8 - t r i d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e ,   and  by  a  m e t h o d   s i m i l a r  

to  t h a t   d e s c r i b e d   in   E x a m p l e   9,  t h e r e   was  p r e p a r e d   3  mg  

of  2 , 5 - d i m e t h o x y - 3 - ( Z - 8 - t r i d e c e n y l ) - l , 4 - b e n z o q u i n o n e .  

Ywl low  o i l y   s u b s t a n c e .  



PMR,  δCDCl3ppm  (200  MHz):  0 . 8 6   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 2  -  

1 . 5   ( 1 4 H ) ,   2 . 0 1   ( 4 H ,  m ) ,   2 . 4 2   (2H,  t ,   J = 7 . 3 H z ) ,  

3 . 8 0   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   5 . 3 3   (2H,  m ) ,  

5 . 7 2   (1H,  s ) .  

Mass  s p e c t r o m e t r y   m/z   348  (M+):  1 8 3 ,   1 6 9 ,   167 ,   1 5 3 ,  

1 2 3 .  

E x a m p l e   16  

By  u s i n g   3  mg  of   2 , 5 - d i m e t h o x y - 3 - ( Z - 8 - t r i d e c e n y l ) -  

1 , 4 - b e n z o q u i n o n e ,   and  by  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d  

i n   E x a m p l e   10 ,   t h e r e   was  p r e p a r e d   2  mg  o f   1 - ( 2 , 5 - d i m e t h o x y -  

l , 4 - b e n z o q u i n o n - 3 - y l ) - 8 , 9 - e p o x y t r i d e c a n e .   Y e l l o w   o i l y  

s u b s t a n c e .  

PMR,  δCDCl3ppm  (400  MHz):  0 . 9 2   (3H,  t ,   J = 7 . 3 H z ) ,   1 . 2  -  

1 . 5   ( 1 8 H ) ,   2 . 4 3   (2H,  t ,   J = 7 . 3 H z ) ,   2 . 9 0   (2H,  m ) ,  

3 . 8 0   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 3   (1H,  s ) .  

Mass  s p e c t o m e t r y   m/z   364  (M+):  3 4 6 ,   1 8 3 ,   1 6 9 ,  1 6 8 ,  

1 6 7 ,   1 5 3 ,   1 3 9 .  

E x a m p l e   1 7  

By  u s i n g   6  mg  of   2 , 5 - d i m e t h o x y - 3 - ( Z - 8 - h e p t a d e c e n -  

y l ) - 1 , 4 - b e n z o q u i n o n e ,   and   by  a  m e t h o d   s i m i l a r   t o   t h a t  

d e s c r i b e d   i n   E x a m p l e   10,   t h e r e   was  p r e p a r e d   3  mg  of  1 -  

( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e - 3 - y l ) - 8 , 9 - e p o x y h e p t a d e c a n e .  

Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm  (400  MHz):   0 . 8 8   (3H,  t ,   J = 6 . 8 H z ) ,   1 . 2  -   1 . 5  



( 2 6 H ) ,   2 . 4 3   (2H,  t ,   J = 7 . 3 H z ) ,   2 . 9 0   (2H,  m ) ,  

3 . 8 1   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 3   ( lH ,   s ) .  

Mass  s p e c t r o m e t r y   m / z :   4 2 0 ,   4 0 2 ,   183 ,   1 6 9 ,   1 6 7 ,  

1 5 3 ,   1 3 9 .  

E x a m p l e   18  

1 .0   Gram  of  l - m e t h o x y m e t h o x y - 2 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] e t h a n e   was  d i s s o l v e d   i n   a  

m i x e d   s o l v e n t   of  20  ml  of   t o l u e n e   w i t h   5  ml  of   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e ,   to   t h i s   s o l u t i o n   was  a d d e d   0 . 5 2   m l  

of   N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   and  t h e   w h o l e  

m i x t u r e   was  c o o l e d   to   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h ,  

t h e n   2 . 7   ml  of   n - b u t y l l i t h i u m   ( 1 . 6   m o l e   s o l u t i o n )   w a s  

a d d e d   d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e .   15  M i n u t e s  

l a t e r ,   a  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   1 . 5 6   g  of   1 - ( 5 -  

i o d o p e n t - l - y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   i n   1 2 - m l   of   t o l u e n e   was  a d d e d   to   t h e   r e a c t i o n  

m i x t u r e ,   and  t h e   t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   w a s  

g r a d u a l l y   e l e v a t e d   to   r oom  t e m p e r a t u r e   and   t h e   r e a c t i o n  

m i x t u r e   was  s t i r r e d   f u r t h e r   f o r   4  h o u r s .   50  M i l l i l i t e r s  

of   d i e t h y l   e t h e r   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,   a n d  

t h e   o r g a n i c   l a y e r   was  w a s h e d  w i t h   w a t e r ,   and   w i t h   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d  

o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .   A f t e r   c o n c e n t r a t i o n ,   t h e  

r e s i d u e   t h u s   o b t a i n e d   was  p u r i f i e d   by  m e a n s   o f   a  s i l i c a  

g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   3  cm  x  l e n g t h   10  c m ,  

M e r c k ,   e l u e n t :   30%  e t h y l   a c e t a t e - n - h e x a n e )   t o   o b t a i n  



2 . 1   g  of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - ( 2 - m e t h o x y -  

m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e .   A m o r p h o u s   p o w d e r y   s u b -  

s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 7  -   1 . 4 5   (6H,  m),   2 . 7 5  -   2 . 5 5  

(4H,  m ) ,   2 . 9 8   (2H,  t ,   J = 7 . 0 H z ) ,   3 . 3 0   (3H,  s ) ,  

3 . 5 4   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,  

3 . 6 0   (3H,  s ) ,   3 . 7 2   (2H,  t ,   J = 7 . 0 H z ) ,   3 . 7 5   ( 3 H ,  

s ) ,   3 . 7 9   (9H,  s ) ,   4 . 6 3   (2H,  s ) ,   5 . 0 3   (2H,  s ) ,  

5 . 0 5   (2H,  s ) ,   5 . 0 7   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 6 5  

( l H ,   s ) .  

E x a m p l e   19  

560  M i l l i g r a m s   of   l - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e   w a s  

d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of   20  ml  o f   t e t r a h y d r o f u r a n  

w i t h   4  ml  o f   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   t h e n   to   t h i s  

s o l u t i o n   was   a d d e d   0 . 1 5   ml  of   N , N , N ' , N ' - t e t r a m e t h y l -  

e t h y l e n e d i a m i n e   and   t h e   w h o l e   m i x t u r e   was   c o o l e d   to   - 7 8 ° C  

i n   a  d r y   i c e - a c e t o n e   b a t h ,   t h e n   0 . 8   ml  o f   n - b u t y l l i t h i u m  

was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e .   15  M i n u t e s   l a t e r ,  

o x y g e n   g a s   was   b l o w n   i n t o   t h e   r e a c t i o n   m i x t u r e   f o r   a b o u t  

30  m i n u t e s .   T e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   w a s  

g r a d u a l l y   e l e v a t e d   to   a  room  t e m p e r a t u r e ,   and  t h e  

r e a c t i o n   m i x t u r e   was  f u r t h e r   s t i r r e d   f o r   4  h o u r s .   T h e  

r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d   and  t o   t h e   r e s i d u e  

o b t a i n e d   was   a d d e d   50  ml  of  e t h y l   a c e t a t e ,   and   was  w a s h e d  



t w i c e   w i t h   a  s a t u r a t e d   s o d i u m   h y d r o g e n   s u l f i t e   a q u e o u s  

s o l u t i o n ,   f u r t h e r   w a s h e d   o n c e   w i t h   w a t e r   and  w i t h   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   and  d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   T h i s   e t h y l   a c e t a t e  

s o l u t i o n   was  c o n c e n t r a t e d   to   o b t a i n   530  mg  of  t h e   r e s i d u e  

w h i c h   was  t h e n   d i s s o l v e d   i n   4  ml  of  m e t h a n o l ,   to   t h i s  

m e t h a n o l   s o l u t i o n   was  a d d e d   a  d i e t h y l   e t h e r   s o l u t i o n   o f  

d i a z o m e t h a n e   u n d e r   an  i c e - c o o l e d   c o n d i t i o n ,   t h e n   t h i s  

r e a c t i o n   m i x t u r e   was  a l l o w e d   t o   s t a n d   f o r   3  h o u r s   a n d  

c o n c e n t r a t e d .   The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s  

of  a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

" S i l i c a   g e l "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G. ,   d i m e n t i o n s :  

20  cm  x  20  cm  x  t h i c k n e s s   2  mm,  2  p l a t e s   w e r e   u s e d ,  

d e v e l o p i n g   s o l v e n t :   50%  e t h y l   a c e t a t e - n - h e x a n e )   t o   o b t a i n  

1 - [ 2 , 4 , 5 - t r i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 -  

[ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - ( 2 - m e t h o x y -  

m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e .   A m o r p h o u s   p o w d e r .  

PMR,  6  ppm  (CDC13) :   1 . 7  -   1 . 4   (6H,  m),   2 . 7  -   2 . 5  

(4H,  m),   2 . 9 9   (2H,  t ,   J = 6 . 3 H z )  ,   3 . 3 1   (3H,  s ) ,  

3 . 5 9   (6H,  s ) ,   3 . 6 1   (3H,  s ) ,   3 . 6 2   (3H,  s ) ,  

3 . 7 2   (2H,  t ,   J = 6 . 3 H z ) ,   3 . 7 8   (3H,  s ) ,   3 . 8 0   (3H,  s ) ,  

3 . 8 2   (3H,  s ) ,   3 . 8 3   (3H,  s ) ,   3 . 9 0   (3H,  s ) ,   4 . 6 4  

(2H,  s ) ,   5 . 0 4   (2H,  s ) ,   5 . 0 7   (2H,  s ) ,   5 . 0 8   ( 2 H ,  

s ) ,   5 . 0 9   (2H,  s ) .  

E x a m p l e   20  

503  M i l l i g r a m s   o f   1 - [ 2 , 4 , 5 - t r i m e t h o x y - 3 , 6 -  



b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] -  

p e n t a n e   was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t   o f   5  ml  o f  

t e t r a h y d r o f u r a n   w i t h   5  ml  of  i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n  

was  a d d e d   1  m i l l i l t e r   of   t e t r a h y d r o f u r a n - i s o p r o p a n o l   ( 1 : 1 )  

s o l u t i o n   of   2 0 % - h y d r o g e n   c h l o r i d e ,   and   t h e   w h o l e   m i x t u r e  

was  s t i r r e d   f o r   1 2 - h o u r s .   A f t e r   c o n c e n t r a t e d   t h e  

r e a c t i o n   m i x t u r e ,   t h e   r e s i d u e   was  t r e a t e d   by  an  a z e o t r o p i c  

d i s t i l l a t i o n   w i t h   b e n z e n e ,   t h e n   d i s s o l v e d   i n   8  ml  o f  

m e t h a n o l ,   f u r t h e r   a  s m a l l   a m o u n t   of   s o d i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d   t h e r e t o ,   and  o x y g e n   g a s   was  b l o w n  

i n t o   t h e   s o l u t i o n .   2  H o u r s   l a t e r ,   t h e   s o l u t i o n   w a s  

c o n c e n t r a t e d ,   and   50  ml  of   d i c h l o r o m e t h a n e   was  a d d e d ,  

t h e n   w a s h e d   w i t h   w a t e r   and   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   a n d   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   A f t e r   c o n c e n t r a t e d ,   t h e   r e s i d u e   was  r e c r y s t a l -  

l i z e d   f r o m   d i e t h y l   e t h e r   to   o b t a i n   123  mg  o f   2 - ( 2 , 5 , 6 -  

t r i m e t h o x y ) - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 5 - [ 2 , 5 - d i m e t h o x y - 6 -  

( 2 - h y d r o x y e t h y l ) - 1 , 4 - b e n z o q u i n o n - 3 - y l ] p e n t a n e .   Y e l l o w  

c r y s t a l s .  

M e l t i n g   p o i n t :   6 5  -   6 7 ° C .  

P M R ,  6   ppm  ( C D C 1 3 ) :   1 . 4 5  -   1 . 3   (6H,  m) ,   2 . 4 5  -   2 . 3 5  

(4H,  m) ,   2 . 7 3   (2H,  t ,   J = 5 . 2 H z ) ,   3 . 7 2   (2H,  t ,  

J = 5 . 2 H z ) ,   3 . 9 9   (3H,  s ) ,   4 . 0 2   (3H,  s ) ,   4 . 0 3  

(3H,  s ) ,   4 . 0 4   (3H,  s ) ,   4 . 0 6   (3H,  s ) .  



E x a m p l e  2 1  

550  M i l l i g r a m s   of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e   w a s  

d i s s o l v e d   in   a  m i x e d   s o l v e n t   of  8  ml  of   t o l u e n e   w i t h   2  m l  

of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   to   t h i s   s o l u t i o n   w a s  

a d d e d   0 . 1 2   ml  of   N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e  

and  t h e   w h o l e   m i x t u r e   was  c o o l e d   t o   - 7 8 ° C   i n   a  d r y   i c e -  

a c e t o n e   b a t h ,   t h e n   0 . 6 4   ml  of  n - b u t y l l i t h i u m   was  a d d e d  

to   t h e   r e a c t i o n   m i x t u r e .   15  M i n u t e s   l a t e r ,   0 . 1 6   ml  o f  

n - b u t y l   i o d i d e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   a n d  

t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   was  g r a d u a l l y   e l e v a t e d  

to   room  t e m p e r a t u r e ,   and   f u r t h e r   s t i r r e d   f o r   4  h o u r s .  

50  M i l l i l i t e r s   of   d i e t h y l   e t h e r   was  a d d e d   to   t h e   r e a c t i o n  

m i x t u r e ,   a n d  t h e   o r g a n i c   l a y e r   was   w a s h e d   w i t h   w a t e r ,   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e ,   and  t h e n   c o n c e n t r a t e d .   T h e  

r e s i d u e   o b t a i n e d  w a s   p u r i f i e d   by  m e a n s   o f   a  s i l i c a   g e l  

c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   2  cm  x  l e n g t h   10  c m ,  

a d s o r b e n t :   " S i l i c a   g e l   60"  m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,  

d e v e l o p i n g   s o l v e n t :   30%  e t h y l   a c e t a t e - h e x a n e )   to   o b t a i n  

520  mg  of  l - [ 2 , 5 - d i m e t h o x y - 4 - b u t y l - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e .   A m o r p h o u s  

p o w d e r y   s u b s t a n c e .  

PMR,  6  p p m   (CDC13) :   0 . 9 6   (3H,  t ,   J = 6 . 8 H z ) ,   1 . 7  -   1 . 2  

(10H,   m) ,   2 . 7  -   2 .5   (6H,  m) ,   2 . 9 8   (2H,  t ,   J = 7 . 0 H z ) ,  

3 . 3 0   (3H,  s ) ,   3 . 5 6   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,   3 . 5 8  



(3H,  s ) ,   3 . 5 9   (3H,  s ) ,   3 . 7 0   (2H,  t ,   J = 7 . 0 H z ) ,  

3 . 7 6   (3H,  s ) ,   3 . 7 7   (6H,  s ) ,   3 . 9 7   (3H,  s ) ,  

4 . 6 2   (2H,  s ) ,   5 . 0 3   (2H,  s ) ,   5 . 0 4   (2H,  s ) ,  

5 . 0 7   (2H,  s ) .  

E x a m p l e   2 2  

520  M i l l i g r a m s   o f   1 - [ 2 , 5 - d i m e t h o x y - 4 - b u t y l - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e  

was  d i s s o l v e d   i n   5  ml  of   t e t r a h y d r o f u r a n   w i t h   5  ml  o f  

i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n   was  a d d e d   1  m i l l i l i t e r   o f  

t e t r a h y d r o f u r a n - i s o p r o p a n o l   ( 1 : 1 )   s o l u t i o n   of  2 0 % - h y d r o g e n  

c h l o r i d e ,   a n d   t h e   w h o l e   m i x t u r e   was   s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   12  h o u r s .   A f t e r   c o n c e n t r a t e d   t h e   r e a c t i o n  

m i x t u r e ,   t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   by  an  a z e o t r o t i c  

d i s t i l l a t i o n   w i t h   b e n z e n e ,   t h e n   d i s s o l v e d   i n   8  ml  o f  

m e t h a n o l ,   f u r t h e r   a  s m a l l   a m o u n t   of   s o d i u m   h y d r o g e n  

c a r b o n a t e   w a s  a d d e d   t h e r e t o ,   and   o x y g e n   g a s   was  b l o w n  

i n t o   t h e   s o l u t i o n   f o r   2  h o u r s .   T h i s   s o l u t i o n   was  c o n -  

c e n t r a t e d ,   and  50  ml  of  d i c h l o r o m e t h a n e   was  a d d e d   t o   t h e  

r e s i d u e   and   t h e   s o l u t i o n   was  w a s h e d   w i t h   w a t e r   and   w i t h  

a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   a n d  

c o n c e n t r a t e d .   Then   t h i s   p r o d u c t   w a s  p u r i f i e d   by  m e a n s  

of  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   2  cm  x  

l e n g t h   10  cm,  a d s o r b e n t :   " S i l i c a   g e l   60"  m a n u f a c t u r e   b y  

E.  M e r c k   A.  G . ,   d e v e l o p i n g   s o l v e n t :   30%  e t h y l   a c e t a t e -  

n - h e x a n e )   t o   o b t a i n   231  mg  of   l - ( 2 , 5 - d i m e t h o x y - 6 - b u t y l -  

l , 4 - b e n z o q u i n o n e - 3 - y l ) - 5 - [ 2 , 5 - d i m e t h o x y - 6 - ( 2 - h y d r o x y e t h y l ) -  



1 , 4 - b e n z o q u i n o n - 3 - y l ] p e n t a n e .   A m o r p h o u s   p o w d e r y  

s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 9 2   (3H,  t ,   J = 4 . l H z ) ,   1 . 5  -  

1 . 2 5   (10H,  m),   2 . 4 0   (6H,  m),   2 . 7 4   (2H,  t ,   J = 4 . 3 H z ) ,  

3 . 7 3   (2H,  t ,   J = 4 . 3 H z ) ,   3 . 9 7   (3H,  s ) ,   3 . 9 8  

(3H,  s ) ,   3 . 9 9   (3H,  s ) ,   4 . 4 0   (3H,  s ) .  

E x a m p l e   23  

530  M i l l i g r a m s   of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h y l o x y e t h y l ) p h e n y l ] p e n t a n e   w a s  

d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of   8  ml  of   t o l u e n e   w i t h   2  m l  

of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   to   t h i s   s o l u t i o n   w a s  

a d d e d   0 . 1 1   ml  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ,  

and   t h e   w h o l e   m i x t u r e   was  c o o l e d   to   - 7 8 ° C   i n   a  d r y   i c e -  

a c e t o n e   b a t h ,   t h e n   0 . 6 2   ml  of   n - b u t y l l i t h i u m   was  a d d e d  

to   t h e   r e a c t i o n   m i x t u r e .   15  M i n u t e s   l a t e r ,   0 . 1 4   ml  o f  

e t h y l   c h l o r o f o r m a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,  

and  t e m p e r a t u r e   of  t h e   r e a c t i o n   m i x t u r e   was  e l e v a t e d  

g r a d u a l l y   to   a  room  t e m p e r a t u r e ,   and   f u r t h e r   s t i r r e d   f o r  

5  h o u r s .   50  M i l l i l i t e r s   o f   e t h y l   a c e t a t e   was  a d d e d   t o  

t h e   r e a c t i o n   m i x t u r e ,   and  w a s h e d   w i t h   w a t e r ,   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e ,   c o n c e n t r a t e d   to   o b t a i n   498  mg  of   t h e  

r e s i d u e .   498  M i l l i g r a m s   of   t h i s   r e s i d u e   was  d i s s o l v e d  

i n   a  m i x e d   s o l v e n t   of  5  ml  of   e t h a n o l   w i t h   5  ml  o f  

t e t r a h y d r o f u r a n ,   to   t h i s   s o l u t i o n   was  a d d e d   1  m i l l i l i t e r  

of   t e t r a h y d r o f u r a n - e t h a n o l   ( 1 : 1 )   s o l u t i o n   of   2 0 % - h y d r o g e n  



c h l o r i d e   and  t h e   m i x t u r e   was  s t i r r e d   f o r   12  h o u r s .   A f t e r  

c o n c e n t r a t e d   t h e   r e a c t i o n   m i x t u r e ,   t h e   r e s i d u e   was  t r e a t e d  

by  a z e o t r o p i c   d i s t i l l a t i o n   w i t h   b e n z e n e ,   t h e n   d i s s o l v e d  

i n   8  ml  of   a c e t o n i t r i l e ,   and  to   t h i s   s o l u t i o n   was  a d d e d  

a  s m a l l   a m o u n t   of   C u 4 C l 4 O 2 ( C H 3 C N ) 3 ,   t h e n   o x y g e n   g a s   w a s  

b l o w n   i n t o   t h e   r e a c t i o n   m i x t u r e  f o r   2  h o u r s .   A f t e r   t h e  

r e a c t i o n   m i x t u r e   was  f i l t e r e d ,   t h e n   t h e   f i l t r a t e   w a s  

c o n c e n t r a t e d ,   t o   t h e   r e s i d u e   o b t a i n e d   was  a d d e d   50  ml  o f  

d i c h l o r o m e t h a n e ,   t h e n   w a s h e d   w i t h   w a t e r   and   w i t h   a  

s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   and  d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n c e n t r a t e d .   T h e  

r e s i d u e   o b t a i n e d   was   p u r i f i e d   by  means   of   a  p r e p a r a t i v e  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   " S i l i c a   g e l "  

m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d i m e n t i o n s   20  cm  x  20  c m ,  

t h i c k n e s s   2  mm,  2  p l a t e s   w e r e  u s e d ,   d e v e l o p i n g   s o l v e n t :  

1 0 % - e t h y l   a c e t a t e - n - h e x a n e )   to   o b t a i n   102  mg  of   1 - ( 2 , 5 -  

d i m e t h o x y - 6 - e t h o x y c a r b o n y l ) - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 5 -  

1 2 , 5 - d i m e t h o x y - 6 - ( h y d r o x y e t h y l ) - 1 , 4 - b e n z o q u i n o n - 3 - y l ] -  

p e n t a n e .   A m o r p h o u s   p o w d e r y   s u b s t a n c e .  

PMR,  6  p p m   ( C D C 1 3 ) :   1 . 3 8   (3H,  t ,   J = 7 . l H z ) ,   1 . 4 0  

(6H,  m) ,   2 . 4 1   (4H,  m),   2 . 7 2   (2H,  t ,   J = 6 . 8 H z ) ,  

3 . 7 2   (2H,  t ,   J = 6 . 8 H z ) ,  4 . 0 0   (3H,  s ) ,   4 . 0 5   ( 6 H ,  

s ) ,   4 . 0 6   (3H,  s ) ,   4 . 3 7   (2H,  q ,   J = 7 . 1 H z ) .  

E x a m p l e   24 

560  M i l l i g r a m s   of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h o x y ) p h e n y l ] p e n t a n e   was  d i s s o l v e d  



in   a  m i x e d   s o l v e n t   of  20  ml  of  t e t r a h y d r o f u r a n   w i t h   4  m l  

of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   to   t h i s   s o l u t i o n   w a s  

a d d e d   0 . 1 5   ml  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ,  

and  t h e   w h o l e   m i x t u r e   was  c o o l e d   to   - 7 8 ° C   in   a  d ry   i c e -  

a c e t o n e   b a t h ,   t h e n   0 . 8 0   m l  o f   n - b u t y l l i t h i u m   was  a d d e d   t o  

t h e   r e a c t i o n   m i x t u r e ,   and  t e m p e r a t u r e   of   t h e   r e a c t i o n  

m i x t u r e   was  g r a d u a l l y   e l e v a t e d   to   room  t e m p e r a t u r e ,   a n d  

f u r t h e r   s t i r r e d   f o r   5  h o u r s .   50  M i l l i l i t e r s   of   e t h y l  

a c e t a t e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,  a n d   t h e   o r g a n i c  

l a y e r   was  w a s h e d   w i t h   w a t e r   and  w i t h   a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e ,   and  c o n c e n t r a t e d .   The  r e s i d u e  

o b t a i n e d   was  p u r i f i e d   by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( d i a m e t e r   2  cm  x  l e n g t h   10  cm,  a d s o r b e n t :  

" S i l i c a   g e l "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p i n g  

s o l v e n t :   30%  e t h y l   a c e t a t e - n - h e x a n e )   to   o b t a i n   503  mg 

of  l - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - m e t h y l t h i o -  

p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - ( 2 -  

m e t h o x y m e t h o x y e t h y l p h e n y l ] p e n t a n e .   C o l o r l e s s   o i l y   s u b -  

s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 7  -   1 .4   (6H,  m) ,   2 . 3 3   ( 3 H ,  

s ) ,   2 . 7  -   2 .4   (4H,  m) ,   2 . 9 3   (2H,  t ,   J = 8 . l H z )  ,  

3 . 2 4   (3H,  s ) ,   3 . 5 4   (6H,  s ) ,   3 . 5 7   (3H,  s ) ,  

3 . 6 8   (3H,  s ) ,   3 . 6 9   (3H,  s ) ,   3 . 7 0   (3H,  s ) ,   3 . 7 2  

(3H,  s ) ,   4 . 5 2   (2H,  s ) ,   5 . 0 1   (2H,  s ) ,   5 . 0 3   ( 4 H ,  

s ) ,   5 . 0 7   (2H,  s ) .  



E x a m p l e   2 5  

503  M i l l i g r a m s   of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) - 4 - m e t h y l t h i o p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - ( 2 - m e t h o x y m e t h o x y e t h y l ) p h e n y l ] -  

p e n t a n e   was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t   o f   5  ml  o f  

t e t r a h y d r o f u r n   w i t h   5  ml  of  i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n  

was   a d d e d   1  m i l l i l i t e r   of   t e t r a h y d r o f u r a n - i s o p r o p a n o l  

( 1 : 1 )   s o l u t i o n   of   2 0 % - h y d r o g e n   c h l o r i d e   and   t h e   w h o l e  

m i x t u r e   was   s t i r r e d   f o r   12  h o u r s .   A f t e r   c o n c e n t r a t e d  

t h e   r e a c t i o n   m i x t u r e ,   t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d  

by  a z e o t r o p i c   d i s t i l l a t i o n   w i t h   b e n z e n e ,   and   d i s s o l v e d  

i n   8  ml  of  m e t h a n o l ,   a  s m a l l   a m o u n t   of   s o d i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d   t h e r e t o ,   t h e n   o x y g e n   g a s   was  b l o w n  

i n t o   t h e   s o l u t i o n .   A f t e r   c o n c e n t r a t e d   t h i s   s o l u t i o n ,   t h e  

r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   50  ml  o f   d i c h l o r o m e t h a n e ,  

t h e n   w a s h e d   w i t h   w a t e r ,   and  w i t h   a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   and  c o n c e n t r a t e d .   The  r e s i d u e  

o b t a i n e d   was  p u r i f i e d   by  m e a n s   of   a  p r e p a r a t i v e   t h i n   l a y e r  

c h r o m a t o g r a p h y   ( a d s o r b e n t :   " S i l i c a   g e l "   m a n u f a c t u r e d  b y  

E.  M e r c k   A.  G . ,   d e v e l o p i n g   s o l v e n t :   30%  e t h y l   a c e t a t e -  

h e x a n e )   t o   o b t a i n   2 3 . 6   mg  of   1 - ( 2 , 5 - d i m e t h o x y 6 - m e t h y l t h i o -  

l , 4 - b e n z o q u i n o n - 3 - y l ) - 5 - [ 2 , 5 - d i m e t h o x y - 6 - ( 2 - h y d r o x y e t h y l ) -  

1 , 4 - b e n z o q u i n o n - 3 - y l ] p e n t a n e .   A m o r p h o u s   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 5 . 5  -   1 .4   (6H,  m) ,   2 . 4 5  -   2 . 2 3  

(4H,  m) ,   2 . 4 8   (3H,  s ) ,   2 . 7 2   (2H,  t ,   J = 7 . 6 H z ) ,  

3 . 7 0   (2H,  t ,   J = 7 . 6 H z ) ,   3 . 9 8   (6H,  s ) ,   4 . 0 2   ( 3 H ,  

s ) ,   4 . 0 6   (3H,  s ) .  



E x a m p l e   26 

521  M i l l i g r a m s   of  l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h y o x y ) - 3 - h y d r o x y b e n z e n e   was  d i s s o l v e d   in   8  ml  o f  

d i m e t h y l f o r m a m i d e ,   u n d e r   an  i c e - c o o l i n g   c o n d i t i o n ,  

40  mg  of   s o d i u m   h y d r i d e   (60%  d i s p e r s i o n   in   o i l )   was  a d d e d  

t h e r e t o ,   and  1  m i l l i l i t e r   of  1 , 3 - d i i o d o p r o p a n e   w a s  

f u r t h e r   a d d e d   to   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   14  h o u r s .   50  M i l l i l i t e r s   of   e t h y l  

a c e t a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   and   w a s h e d   w i t h  

w a t e r ,   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   a n d  

d r i e d ,   t h e n   p u r i f i e d   by  means   o f   a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( d i a m e t e r   2  cm  x  l e n g t h   10  cm,  a d s o r b e n t :  

" S i l i c a   g e l "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   d e v e l o p i n g  

s o l v e n t :   20%  e t h y l   a c e t a t e - n - h e x a n e )   to   o b t a i n   318  mg  

of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( d i m e t h o x y m e t h o x y ) - 3 - ( 3 -  

i o d o p r o p o x y ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   2 . 2 3   (2H,  t t ,   J = 5 . 6 ,   7 . 5 ) ,  

3 . 4 2   (2H,  t ,   J = 7 . 5 H z ) ,   3 . 5 3   (3H,  s ) ,   3 . 6 0  

(3H,  s ) ,   3 . 9 1   (3H,  s ) ,   3 . 9 3   (3H,  s ) ,   4 . 1 3  

(2H,  t ,   J = 5 . 6 H z ) ,   5 . 0 6   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,  

6 . 5 5   ( l H ,   s ) .  

E x a m p l e   27  

403  M i l l i g r a m s   of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - h y d r o x y b e n z e n e   was  d i s s o l v e d   in   6  ml  o f  

d i m e t h y l f o r m a m i d e ,   u n d e r   an  i c e - c o o l i n g   c o n d i t i o n   a  s m a l l  

a m o u n t   of  s o d i u m   h y d r i d e   was  a d d e d   t h e r e t o ,   and   318  mg  o f  



l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 - ( i o d o p r o p o x y ) -  

b e n z e n e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e   and  s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   14  h o u r s .   50  M i l l i l i t e r s   o f  

e t h y l   a c e t a t e   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e ,   a n d  

w a s h e d   w i t h   w a t e r   and  w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   T h i s   s o l u t i o n   was  c o n c e n t r a t e d   and   t h e   r e s i d u e  

o b t a i n e d   was  p u r i f i e d   by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( d i a m e t e r   2  cm  x  l e n g t h   10  cm,  a d s o r b e n t :  

" S i l i c a   g e l "   m a n u f a c t u r e d   by  E.  M e r c k   A.  G . ,   e l u e n t :   40% 

e t h y l   a c e t a t e - n - h e x a n e )   to   o b t a i n   523  mg  of   3 , 3 - t r i m e t h y l e n e -  

d i o x y - b i s [ 1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .  

A m o r p h o u s   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   2 . 1 7   (2H,  q u i n t e t ,   J = 7 . 5 H z ) ,  

3 . 5 2   (6H,  s ) ,   3 . 5 9   (6H,  s ) ,   3 . 8 0   (6H,  s ) ,  

3 . 8 1   (6H,  s ) ,   4 . 2 9   (4H,  t ,   J = 7 . 5   H z ) ,   5 . 0 7  

(4H,  s ) ,   5 . 1 8   (4H,  s ) ,   6 . 5 6   (2H,  s ) .  

E x a m p l e   2 8  

523  M i l l i g r a m s   of   3 , 3 - t r i m e t h y l e n e d i o x y - b i s [ 1 , 4 -  

d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d  

i n   a  m i x e d   s o l v e n t   of  5  ml  o f   t e t r a h y d r o f u r a n   w i t h   5  m l  

of  i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n   was  a d d e d   1  m i l l i l i t e r  

of  t e t r a h y d r o f u r a n - i s o p r o p a n o l   ( 1 : 1 )   s o l u t i o n   o f   2 0 % -  

h y d r o g e n   c h l o r i d e   and  t h e   w h o l e   m i x t u r e   was  s t i r r e d   f o r  

12  h o u r s .   A f t e r   c o n c e n t r a t e d   t h e   r e a c t i o n   m i x t u r e ,   t h e  

r e s i d u e   o b t a i n e d   was  t r e a t e d   by  a z e o t r o p i c   d i s t i l l a t i o n  



w i t h   b e n z e n e ,   t h e n   was  d i s s o l v e d   in   8  ml  of  m e t h a n o l ,  

f u r t h e r   a  s m a l l   a m o u n t   of  s o d i u m   h y d r o g e n   c a r b o n a t e   w a s  

a d d e d   t h e r e t o ,   t h e n   o x y g e n   gas   was  b l o w n   i n t o   t h e   s o l u t i o n  

f o r   2  h o u r s .   A f t e r   c o n c e n t r a t e d ,   50  ml  of  d i c h l o r o m e t h a n e  

was  a d d e d   to   t h e   r e s i d u e   o b t a i n e d ,   and  w a s h e d   w i t h   w a t e r ,  

a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   and   d e h y d r a t e d  

w i t h   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   T h i s   s o l u t i o n   w a s  

c o n c e n t r a t e d   and   r e c r y s t a l l i z e d   f r o m   m e t h a n o l   t o   o b t a i n  

231  mg  of  3 , 3 - t r i m e t h y l e n e d i o x y - b i s ( 2 , 5 - d i m e t h o x y - l , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   c r y s t a l s .  

M e l t i n g   p o i n t :   1 4 4  -   1 4 5 ° C  

PMR,  δ  ppm  (CDC13) :   2 . 2 2   (2H,  q u i n t e t ,   J = 8 . 2 H z ) ,  

3 . 7 9   (6H,  s ) ,   4 . 1 0   (6H,  s ) ,   4 . 2 7   (4H,  t ,   J = 8 . 2 H z ) ,  

5 . 7 3   (2H,  s ) .  

E x a m p l e   29 

100  M i l l i g r a m s   of  3 , 3 ' - p e n t a m e t h y l e n e - b i s -  

( 2 , 5 - d i a m i n o - l , 4 - b e n z o q u i n o n e )   was  d i s s o l v e d   i n   6  ml  o f  

m e t h a n o l ,   and   1  m i l l i l i t e r   of  a m m o n i a   w a t e r   (28%)  w a s  

a d d e d   to   t h e   s o l u t i o n   and  s t i r r e d   f o r   5  h o u r s .   T h e  

r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d ,   and   r e c r y s t a l l i z e d  

f rom  m e t h a n o l   t o   o b t a i n   2 1 . 3   mg  of   2 , 2 ' - p e n t a m e t h y l e n e -  

b i s ( 3 , 6 - d i a m i n o - E - b e n z o q u i n o n e ) .   R e d d i s h   v i o l e t   c r y s t a l s .  

M e l t i n g   p o i n t :   o v e r   2 5 0 ° C .  

PMR,  δ  ppm  ( D M S O - d 6 ) :   1 . 2 4   (6H,  m),   2 . 1 8   (4H,  m ) ,  

5 . 2 5   (2H,  s ) .  



E x a m p l e   30 

(1)  5  Grams   o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   140  ml  of   t e t r a h y d r o f u r a n ,  

t h e n   t h e   s o l u t i o n   was   c o o l e d   to   - 7 8 ° C   u n d e r   a r g o n   g a s  

s t r e a m   c o n d i t i o n ,   i n   a  d r y   i c e - a c e t o n e   b a t h .   Then   18  m l  

of   s e c - b u t y l l i t h i u m   ( 1 . 3   m o l e   c y c l o h e x a n e   s o l u t i o n )   w a s  

a d d e d   d r o p w i s e   t h e r e t o   and   s t i r r e d   f o r   30  m i n u t e s .   T o  

t h e   r e a c t i o n   m i x t u r e   was   a d d e d   d r o p w i s e   10  g  ( 6 . 7   ml)  o f  

1 , 7 - d i b r o m o h e p t a n e ,   n e x t   6  g  of  s o d i u m   i o d i d e   and  10  m l  

of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   w e r e   a d d e d   to   t h e  

r e a c t i o n   m i x t u r e .   The  c o o l i n g   b a t h   was  r e m o v e d   f rom  t h e  

r e a c t i o n   a p p a r a t u s ,   a n d   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   1 2  -   14  h o u r s .   T e t r a h y d r o f u r a n  

was   r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e  

r e s i d u e   o b t a i n e d   was   d i s s o l v e d   i n   500  ml  of   a  m i x e d  

s o l v e n t   b e n z e n e - d i e t h y l   e t h e r   ( 1 : 1 ) .   The  o r g a n i c   l a y e r  

was  w a s h e d   w i t h   100  ml  of   w a t e r   in   4  t i m e s ,   and   w i t h  

100  ml  of   s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n  

4  t i m e s ,   and  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

A f t e r   t h e   r e m o v a l   o f   t h e   s o l v e n t   by  e v a p o r a t i n g   u n d e r -  

r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was   t r e a t e d   b y  

m e a n s   of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r  

5  cm  x  l e n g t h   30  cm,  a d s o r b e n t :   " W a k o l - C 2 0 0 " )   a n d  

d e v e l o p e d   and  e l u t e d   w i t h   2 0 % - e t h y l   a c e t a t e - n - h e x a n e   t o  

o b t a i n   6 . 0 6   g  ( y i e l d = 7 2 % )   of   l - b r o m o - 7 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] h e p t a n e .   C o l o r l e s s   o i l y  

s u b s t a n c e .  



PMR,  δCDCl3ppm:  1 . 2  -   1 . 6 5   (8H,  b r m ) ,   1 . 8 2   (2H,  b r m ) ,  

2 . 6 7   (2H,  b r t ,   J = 6 . 9 H z ) ,   3 . 4 0   (2H,  t ,   J = 6 . 8 H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 58   (3H,  s ) ,   3 . 7 9   (6H,  s ) ,  

5 . 0 2   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 5   ( lH ,   s ) .  

(2)  To  17  ml  of  1 - h e x y n e   was  a d d e d   20  ml  o f  

a n h y d r o u s   t e t r a h y d r o f u r a n ,   and  was  c o o l e d   to   - 7 8 ° C   u n d e r  

a r g o n   gas   s t r e a m   c o n d i t i o n .   Then   4 . 7   ml  of   n - b u t y l l i t h i u m  

( 1 . 6   m o l e   n - h e x a n e   s o l u t i o n )   was  a d d e d   d r o p w i s e   t o   t h e  

a b o v e - m e n t i o n e d   c o o l e d   s o l u t i o n   and   t h e   w h o l e   m i x t u r e   w a s  

s t i r r e d   f o r   30  m i n u t e s .   A  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g  

2 . 1 7   g  of  1 - b r o m o - 7 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] h e p t a n e   o b t a i n e d   i n   t h e   a b o v e - m e n t i o n e d   p r o c e s s   ( 1 )  

i n   5  ml  of   a n h y d r o u s   t e t r a h y d r o f u r a n   was  a d d e d   d r o p w i s e  

t o   t h e   m i x t u r e ,   t h e n   2  ml  of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e  

was  a d d e d   t h e r e t o .   The  c o o l i n g   b a t h   was  r e m o v e d   f r o m   t h e  

r e a c t i o n   a p p a r a t u s ,   and  t h e   r e a c t i o n   m i x t u r e   was  c o n t i n u -  

o u s l y   s t i r r e d   a t   room  t e m p e r a t u r e   f o r   4  h o u r s .   T e t r a -  

h y d r o f u r a n   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   to   t h e   r e s i d u e   o b t a i n e d   was  a d d e d   300  ml  o f  

a  m i x e d   s o l v e n t   of   b e n z e n e - d i e t h y l   e t h e r   ( 1 : 1 ) ,   t h e  

o r g a n i c   l a y e r   was  w a s h e d   4  t i m e s   w i t h   w a t e r ,   and  f u r t h e r  

w a s h e d   4  t i m e s   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e ,  

and  c o n c e n t r a t e d ,   to   y i e l d   2 .2   g  ( a l m o s t   a b o u t   100%)  o f  

1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] t r i d e c -  

8 - y n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm:  0 . 8 9   (3H,  t ,   J = 7 . 3 H z ) ,   1 . 2 5  -   1 . 6 5  



(14H,   b r m ) ,   2 . 1 2   (4H,  b r m ) ,   2 . 6 5   (2H,  b rm,   J =  

7 . 8 H z ) ,   3 . 5 2   (3H,  s)  ,  3 . 5 7   (3H,  s ) ,   3 . 78   ( 6 H ,  

s ) ,   5 . 0 1   (2H,  s ) ,   5 . 1 6   (2H,  s ) ,   6 . 6 3   (1H,  s ) .  

(3)  1  Gram  of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] t r i d e c - 8 - y n e   p r e p a r e d   i n   t h e   a b o v e - m e n t i o n e d  

(2)  was  d i s s o l v e d   i n   10  ml  of   m e t h a n o l ,   t o   t h i s   s o l u t i o n  

was  a d d e d   40  mg  of   5 % - p a l l a d i u m - b a r i u m   s u l f a t e - q u i n o l i n e  

( 1 : 1 )   and   t h e   m i x t u r e   was  c a t a l y t i c a l l y   r e d u c e d   u n d e r   a  

n o r m a l   h y d r o g e n   p r e s s u r e   a t  r o o m   t e m p e r a t u r e   f o r   4  h o u r s .  

T h i s   r e a c t i o n   was   t r a c e d   by  m e a n s   of   a  h i g h   p e r f o r m a n c e  

l i q u i d   c h r o m a t o g r a p h y .   T h u s ,   t h e   r e a c t i o n   was  d e t e r m i n e d  

by  m e a s u r i n g   t h e   o p t i c a l   d e n s i t y   (OD)  a t   UV254  u n d e r  

c o n d i t i o n s   o f   ODS  c o l u m n ,   8 0 % - a c e t o n i t r i l e - w a t e r ,   2  m l /  

m i n u t e .   A f t e r   t h e   r e a c t i o n   was  c o m p l e t e d ,   t h e   c a t a l y s t  

was  r e m o v e d   by  f i l t r a t i o n ,   and  m e t h a n o l   was  r e m o v e d   b y  

e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e  

o b t a i n e d   was   t r e a t e d   by  means   o f   a  c o l u m n   c h r o m a t o g r a p h y  

( " R o b a r   " c o l u m n ,   L i C h r o s o r b   R P - 8 ,   Type   C,  m a n u f a c t u r e d  

by  E.  M e r c k   A.  G.)  and  e l u t e d   w i t h   7 5 % - a c e t o n i t r i l e - w a t e r  

a t   t h e   f l o w   r a t e   of   5  m l / m i n u t e   t o   o b t a i n   b o t h   Z - i s o m e r  

and  E - i s o m e r ,   r e s p e c t i v e l y .   T h e r e   was  o b t a i n e d   0 . 6 5   g  

of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s - I m e t h o x y m e t h o x y ) p h e n y l ] t r i d e c -  

8 - e n e   ( Z - i s o m e r )   as  i n   t h e   f o r m   o f   c o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm:  0 . 8 9   (3H,  t ,   J = 7 . 3 H z ) ,   1 . 2  -  1 . 6 5  

(14H,   b r m ) ,   2 . 0 1   (4H,  b r m ) ,   2 . 6 6   (2H,  b r t ,   J = 7 . 3 H z )  ,  

3 . 5 3   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 2  

(2H,  s ) ,   5 . 1 7  ( 2 H ,   s ) ,   5 . 3 4   (2H,  m),   6 . 6 3   (1H,  s ) .  



(4)  500  M i l l i g r a m s   of  t h e   c o m p o u n d   o b t a i n e d   i n  

t he   a b o v e - m e n t i o n e d   (3)  was  d i s s o l v e d   in   20  ml  of  m e t h a n o l ,  

and  to   t h i s   s o l u t i o n   was  a d d e d   2. ml  of  i s o p r o p a n o l -  

t e t r a h y d r o f u r a n   m i x e d   s o l v e n t   s o l u t i o n   of  2 0 % - h y d r o g e n  

c h l o r i d e ,   u n d e r   n i t r o g e n   gas   s t r e a m   c o n d i t i o n   a t   r o o m  

t e m p e r a t u r e   and  t h e   m i x t u r e   was  s t i r r e d   f o r   3  h o u r s .   T h e  

s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e   a t   a  t e m p e r a t u r e   b e l o w   20°C  on  a  b a t h ,   f u r t h e r  

20  ml  of  b e n z e n e   was  a d d e d   t h e r e t o ,   and  t h e   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e   to  r e m o v e   h y d r o g e n  

c h l o r i d e .   To  t h e   r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   20  m l  

of  m e t h a n o l   and  a i r   o r   o x y g e n   gas   was  b l o w n   i n t o   t h i s  

m e t h a n o l   s o l u t i o n   f o r   1  t o   2  h o u r s   d u r i n g   t h e   r e a c t i o n  

v e s s e l   i s   h e a t e d   a t   60°C  on  a  w a t e r   b a t h ,   t h e   c o l o r   o f  

t h e   m e t h a n o l   s o l u t i o n   t u r n e d   y e l l o w .   M e t h a n o l   was  r e m o v e d  

by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e   to   c o n c e n t r a t e   t h e  

s o l u t i o n ,   t h e   r e s i d u e   t h u s   o b t a i n e d   was  t r e a t e d   by  a  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( " S i l i c a   g e l   TLC,  F 2 5 4 " ,  

m a n u f a c t u r e d   by  E.  M e r c k   A.  G. ,   t h i c k n e s s :   2  mm),  d e v e l o p e d  

w i t h   1 0 % - e t h y l   a c e t a t e - b e n z e n e ,   and  e l u t e d   w i t h   e t h y l  

a c e t a t e   to   o b t a i n   300  mg  ( y i e l d = 7 5 % )   of  2 , 5 - d i m e t h o x y - 3 -  

( Z - 8 - t r i d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e   as  in   t h e   f o r m   o f  

y e l l o w   o i l y   s u b s t a n c e .   The  p h y s i c a l   p r o p e r t i e s   of   t h i s  

c o m p o u n d   w e r e   i d e n t i c a l   to   t h o s e   shown  by  t h e   c o m p o u n d  

p r e p a r e d   in   E x a m p l e   15  as  m e n t i o n e d   a b o v e .  

(5)  By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   30  ( 2 ) ,   e x c e p t  

t h a t   l - b r o m o - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  



p h e n y l ] p e n t a n e   was  u s e d   in   p l a c e   of   l - b r o m o - 7 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] h e p t a n e ,   t h e r e  

was  o b t a i n e d   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 -  

( 6 - u n d e c y n y l ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C P C l 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 6  -  

1 . 3 5   (10H,   m),   2 . 1 4   (4H,  b r m ) ,   2 . 6 7   (2H,  t ,  

J = 8 . l H z ) ,   3 . 5 3   (3H,  s ) ,   3 . 5 9   (3H,  s ) ,   3 . 7 9   ( 6 H ,  

s ) ,   5 . 0 2   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 4   ( lH ,   s ) .  

(6)  By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   30  ( 4 ) ,   e x c e p t  

t h a t   l , 4 - d i m e t h o x y - 2 , 5 - ( m e t h o x y m e t h o x y ) - 3 - ( 6 - u n d e c y n y l ) -  

b e n z e n e   p r e p a r e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   30  ( 5 )  

was  t r e a t e d   u n d e r   c o n d i t i o n s   o f   t h e   r e m o v a l   o f   p r o t e c t i n g  

g r o u p   and   of   t h e   o x i d a t i o n ,   t h e r e   was  o b t a i n e d   2 , 5 -  

d i m e t h o x y - 3 - ( 6 - u n d e c y n y l ) - 1 , 4 - b e n z o q u i n o n e .   Y e l l o w   o i l y  

s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 4 2  

(10H,   b r m ) ,   2 . 1 3   (4H,  m) ,   2 . 4 3   (2H,  t ,   J = 7 . 3 H z ) ,  

3 . 8 0   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 2   (1H,  s ) .  

(7)  By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   30  ( 4 ) ,   e x c e p t  

t h a t   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

t r i d e c - 8 - y n e   p r e p a r e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   30 

(2)  was  t r e a t e d ,   t h e r e   was  o b t a i n e d   2 , 5 - d i m e t h o x y - 3 -  

( 8 - t r i d e c y n y l ) - 1 , 4 - b e n z o q u i n o n e .   Y e l l o w   o i l y   s u b s t a n c e .  



PMR,  δ  ppm  ( C D C l 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 5  -   1 . 2 5  

(14H,  m),  2 . 1 3   (4H,  m),   2 . 4 3   (2H,  t ,   J = 7 . 0 H z ) ,  

3 .80   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 2   ( lH,   s ) .  

(8)  500  M i l l i g r a m s   of  1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 3 - ( Z - 6 - u n d e c e n y l ) b e n z e n e   was  d i s s o l v e d  

in   10  m l . o f   a  m i x e d   s o l v e n t   of  i s o p r o p a n o l - t e t r a h y d r o f u r a n ,  

and  a t   room  t e m p e r a t u r e ,   u n d e r   n i t r o g e n   gas   s t r e a m  

c o n d i t i o n s ,   2  ml  of  i s o p r o p a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 )  

s o l u t i o n   c o n t a i n i n g   20%  of  h y d r o g e n   c h l o r i d e   was  a d d e d  

t h e r e t o   and  t h e   w h o l e   m i x t u r e   was  s t i r r e d   f o r   3  h o u r s .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i n g   u n d e r   r e d u c e d  

p r e s s u r e   on  a  w a t e r   b a t h   a t   b e l o w   20°C .   The  r e s i d u e  

o b t a i n e d   was  f u r t h e r   t r e a t e d   by  e v a p o r a t i o n   u n d e r  

r e d u c e d   p r e s s u r e   w i t h   a d d i n g   20  ml  of  b e n z e n e   so  as  t o  

r e m o v e   h y d r o g e n   c h l o r i d e .   The  r e s i d u e   o b t a i n e d   w a s  

d i s s o l v e d   in   20  ml  of  m e t h a n o l ,   and  a  s m a l l   a m o u n t   o f  

s o d i u m  h y d r o g e n   c a r b o n a t e   was  a d d e d ,   and  t h e   m i x t u r e   w a s  

s t i r r e d   f o r   1  h o u r   u n d e r   o x y g e n   g a s   s t r e a m   c o n d i t i o n s .  

The  c o l o r   of  t h e   r e a c t i o n   m i x t u r e   t u r n e d   y e l l o w ,   and  t h e  

s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e .  

The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  means   of   a  s e p a r a t i v e  

s i l i c a   g e l   t h i n   l a y e r   c h r o m a t o g r a p h y   ( F 2 5 4 ,   t h i c k n e s s :  

2  mm,  d e v e l o p e r :   10%  e t h y l   a c e t a t e - b e n z e n e )   to   o b t a i n  

320  mg  of  2 , 5 - d i m e t h o x y - 3 ( Z - 6 - u n d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e .  

Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   0 . 8 9   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 3 5  

(10H,  b r m ) ,   2 . 0 1   (4H,  b r m ) ,   2 . 4 3   (2H,  b r t ,  



J = 7 . 3 H z ) ,   3 . 8 0   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 3 4  

(2H,  m),   5 . 7 2   ( lH,   s ) .  

E x a m p l e   31  

(1)  By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   E x a m p l e   30  ( 1 ) ,   p r o v i d e d   t h a t   10  g  ( 7 . 4   m l )  

of  1 , 9 - d i b r o m o n o n a n e   was  u s e d   i n   p l a c e   of   1 , 7 - d i b r o m o b u t a n e ,  

t h e r e   was  p r e p a r e d   7 . 2   g  ( y i e l d = 8 0 . 2 % )   o f   l - b r o m o - 9 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] n o n a n e   as  i n   t h e  

f o r m   c o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm:  1 . 2  -   1 . 7   (12H,   b r m ) ,   1 . 8 2   (2H,  b r m ) ,  

2 . 7 0   (2H,  b r t ,   J = 6 . 9 H z ) ,   3 . 4 0   (2H,  t ,   J = 6 . 9 H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 5 9   (3H,  s ) ,   3 . 7 9   (6H,  s ) ,  

5 . 0 2   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   6 . 6 4   ( lH,   s ) .  

(2)  By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   E x a m p l e   30  ( 2 ) ,   p r o v i d e d   e x c e p t   t h a t   2 . 3 1   g  

of  l - b r o m o - 9 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

n o n a n e   o b t a i n e d   i n   t h e   a b o v e   m e n t i o n e d   E x a m p l e   31  ( 1 )  

was  u s e d   i n   p l a c e   of   1 - b r o m o - 7 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] h e p t a n e ,   t h e r e   was  p r e p a r e d   2 . 3   g  

( y i e l d =   a l m o s t   100%)  of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] p e n t a d e c - 1 0 - y n e   as  i n   t h e   f o r m   of   c o l o r l e s s  

o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm:  0 . 8 9   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 2 5  -   1 . 6 5  

(18H,   b r m ) ,   2 . 1 3   (4H,  m) ,   2 . 6 5   (2H,  b r t ,   J = 7 . 8 H z ) ,  

3 . 5 2   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,  



5 . 0 1   (2H,  s ) ,   5 . 1 6   (2H,  s ) ,   6 . 6 3   ( lH,   s ) .  

(3)  1  Gram  of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] p e n t a d e c - 1 0 - y n e   p r e p a r e d   in   t h e  

a b o v e - m e n t i o n e d   E x a m p l e   31  (2)  was  c a t a l y t i c a l l   r e d u c e d  

u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   d e s c r i b e d   in   E x a m p l e  

30  ( 3 ) ,   and  t h e   r e a c t i o n   p r o d u c t   o b t a i n e d   was  p u r i f i e d  

by  a  r e v e r s e d   p h a s e   c o l u m n   c h r o m a t o g r a p h y .   The  c a t a l y t i c  

r e d u c t i o n   was  t r a c e d   by  m e a n s   of   a  h i g h   p e r f o r m a n c e  

l i q u i d   c h r o m a t o g r a p h y .   T h u s ,   t h e   r e a c t i o n   was  d e t e r m i n e d  

by  m e a s u r i n g   t h e   o p t i c a l   d e n s i t y   (OD)  a t   UV254  u n d e r  

c o n d i t i o n s   of  ODS  c o l u m n ,   8 0 % - a c e t o n i t r i l e - w a t e r ,   2  m l /  

m i n u t e .   A f t e r   t h e   r e a c t i o n   was  c o m p l e t e d ,   t h e   c a t a l y s t  

was  r e m o v e d   by  f i l t r a t i o n ,   and  m e t h a n o l   was  r e m o v e d   b y  

e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   t h u s  

o b t a i n e d   was  t r e a t e d   by  m e a n s   of  a  c o l u m n   c h r o m a t o g r a p h y  

( " R o b a r "   c o l u m n ,   L i C h r o s o r b   P R - 8 ,   Type  C,  m a n u f a c t u r e d  

b y  E .   Merck   A.  G . ) ,   and  d e v e l o p e d   and  e l u t e d   w i t h   8 0 % -  

a c e t o n i t r i l e - w a t e r   a t   f l o w   r a t e   of  5  m l / m i n u t e   to   o b t a i n  

0 . 6 5   g  of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

p e n t a d e c - 1 0 - e n e   ( Z - i s o m e r )   as  i n   t h e   f o r m   of   c o l o r l e s s  

o i l y   s u b s t a n c e .  

PMR,  δCDCl3ppm:  0 . 8 9   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 2  -   1 . 6 5  

(18H,  b r m ) ,   2 . 0 1   (4H,  b r m ) ,   2 . 6 6   (2H,  b r t ,  

J = 7 . 3 H z ) ,   3 . 5 3   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8  

(6H,  s ) ,   5 . 0 2   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,   5 . 3 4  

(2H,  m),   6 . 6 4   ( lH ,   s ) .  



(4)  500  M i l l i g r a m s   of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - p e n t a d e c - 1 0 - e n e   o b t a i n e d   i n  

t h e   a b o v e - m e n t i o n e d   E x a m p l e   31  (3)  was  t r e a t e d   u n d e r  

c o n d i t i o n s   s i m i l a r   to   t h o s e   d e s c r i b e d   in   E x a m p l e   30  ( 4 ) ,  

t h e r e   was  p r e p a r e d   306  mg  ( y i e l d = 7 6 % )   of  2 , 5 - d i m e t h o x y -  

3 - ( Z - 1 0 - p e n t a d e c e n y l ) - 1 , 4 - b e n z o q u i n o n e   as  i n   t h e   f o r m  

of   y e l l o w   o i l y   s u b s t a n c e .   The  p h y s i c a l   p r o p e r t i e s   o f  

t h i s   c o m p o u n d   w e r e   i d e n t i c a l   t o   t h o s e   s h o w n   by  t h e  

c o m p o u n d   p r e p a r e d   i n   E x a m p l e   13  as  m e n t i o n e d   a b o v e .  

(5)  By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e  

d e s c r i b e d   i n   t h e   a b o v e - m e n t i o n e d   E x a m p l e   31  ( 4 ) ,   e x c e p t  

t h a t   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

p e n t a d e c - 1 0 - y n e   was  t r e a t e d   u n d e r   c o n d i t i o n s   of   t h e  

r e m o v a l   of   p r o t e c t i n g   g r o u p   and  of   t h e   o x i d a t i o n ,   t h e r e  

w a s   o b t a i n e d   2 , 5 - d i m e t h o x y - 3 - ( 1 0 - p e n t a d e c y n y l ) - 1 , 4 -  

b e n z o q u i n o n e .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,  1 . 5  -  

1 . 2   (18H,   m) ,   2 . 1 3   (4H,  m) ,   2 . 4 2   (2H,  t ,  

J = 7 . 3 H z ) ,   3 . 8 0   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 2  

( lH ,   s ) .  

E x a m p l e   3 2  

U n d e r   a r g o n   g a s   s t r e a m   c o n d i t i o n s ,   100  ml  o f  

a n h y d r o u s   t e t r a h y d r o f u r a n   was  c o o l e d   i n   a  d r y   i c e - a c e t o n e  

b a t h ,   t o   t h i s   s o l u t i o n   was  a d d e d   d r i e d   a c e t y l e n e   gas   b y  

b u b b l i n g   f o r   1  h o u r .   N e x t ,   to   t h i s   r e a c t i o n   m i x t u r e  

was   a d d e d   d r o p w i s e   9 . 6   ml  of   n - b u t y l l i t h i u m   ( 1 . 6   M, 



n - h e x a n e   s o l u t i o n )   and  t h e   w h o l e   m i x t u r e   was  s t i r r e d .  

15  M i n u t e s   l a t e r ,   10  ml  of  a n h y d r o u s   t e t r a h y d r o f u r a n  

s o l u t i o n   of  l - ( 5 - b r o m o p e n t y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e   p r e p a r e d   i n   R e f e r e n c e   E x a m p l e   1 

was  a d d e d   d r o p w i s e   to   t h e   r e a c t i o n   m i x t u r e ,   f u r t h e r   2  m l  

of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   was  a d d e d   to   t h e   r e a c t i o n  

m i x t u r e   and  s t i r r e d   f o r   12  h o u r s ,   t h e n   t e m p e r a t u r e   o f  

t h e   r e a c t i o n   m i x t u r e   was  e l e v a t e d   t o   room  t e m p e r a t u r e .  

P r o g r e s s   s t a t e   o f   t h e   r e a c t i o n   was  t r a c e d   by  m e a n s   of   a  

h i g h   p e r f o r m a n c e   l i q u i d   c o l u m n   c h r o m a t o g r a p h y   (ODS 

c o l u m n ,   e l u e n t :   60%  a c e t o n i t r i l e - w a t e r ,   f l o w   r a t e :   1 . 5  

m l / m i n u t e ) .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r  

a  r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e   o b t a i n e d   was  a d d e d  

400  ml  of  a  m i x e d   s o l v e n t   of  d i e t h y l   e t h e r - b e n z e n e   ( 1 : 1 ) ,  

and  t h e   o r g a n i c   l a y e r   was  w a s h e d   4  t i m e s   w i t h   w a t e r   a n d  

a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   in   t h i s  

o r d e r ,   t h e n   d r i e d   o r d e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  s o l v e n t   was  r e m o v e d  b y   e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   was  t r e a t e d   by  a  s i l i c a   g e l  

c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   3  cm  x  l e n g t h   10  c m ) ,   t h e n  

e l u t e d   w i t h   2 0 % - e t h y l   a c e t a t e - n - h e x a n e   t o   o b t a i n   1 . 7 1   g  

of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 - ( 6 - h e p t y n y l ) -  

b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 7  -   1 . 4   (6H,  b r m ) ,   1 . 9 2  

(1H,  t ,   J = 2 . 4 H z ) ,   2 . 1 9   (2H,  t ,   d,  J 1 = 7 . O H z ,  

J 2 = 2 . 4 H z ) ,   2 . 6 7   (2H,  b r t ,   J = 7 . 6 H z ) ,   3 . 5 2   ( 3 H ,  

s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1   (2H,  s ) ,  



5 . 1 6   (2H,  s ) ,   6 . 6 4   (1H,  s ) .  

By  a  m e t h o d   s i m i l a r  t o   t h a t   d e s c r i b e d   in   E x a m p l e  

32,  t h e r e   w e r e   p r e p a r e d   c o m p o u n d s   of   E x a m p l e s   33  and  34  

as  f o l l o w s .  

E x a m p l e   3 3  

1 , 4 - D i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 -  

( 8 - n o n y n y l ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 7  -   1 . 2 5   (10H,   b r m ) ,   1 . 9 3  

( l H ,   t ,   J = 2 . 6 H z ) ,   2 . 1 7   (2H,  t ,   d,  J 1 = 6 . 7 H z ,  

J 2 = 2 . 6 H z ) ,   2 . 6 7   (2H,  b r t ,   J = 7 . l H z ) ,   3 . 5 2   ( 3 H ,  

s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1   (2H,  s ) ,  

5 . 1 7   (2H,  s ) ,   6 . 6 3   ( lH ,   s ) .  

E x a m p l e   34  

1 , 4 - D i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 - ( 1 0 -  

u n d e c y n y l ) b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 7  -   1 . 2 5   (14H,   b r m ) ,   1 . 9 3  

( lH ,   t ,   J = 7 . 6 H z ) ,   2 . 1 7   (2H,  t ,   d,  J 1 = 6 . 7 H z ,  

J 2 = 2 . 6 H z ) ,   2 . 6 7   (2H,  b r t ,   J = 7 . 6 H z ) ,   3 . 5 2   ( 3 H ,  

s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1   (2H,  s ) ,  

5 . 1 7   (2H,  s ) ,   6 . 6 3   ( lH ,   s ) .  

E x a m p l e   35 

1 . 6 1   Grams   of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - ( 6 - h e p t y n y l ) b e n z e n e   was   d i s s o l v e d   i n   40  ml  o f  



a n h y d r o u s   t e t r a h y d r o f u r a n ,   and   u n d e r   a r g o n   gas   s t r e a m  

c o n d i t i o n   t h e   s o l u t i o n   was  c o o l e d   i n   a  d r y   i c e - a c e t o n e  

b a t h .   To  t h i s   c o o l e d   s o l u t i o n   was  a d d e d   3 . 4 2   ml  o f  

n - b u t y l l i t h i u m   ( 1 . 6   M,  h e x a n e   s o l u t i o n )   was  a d d e d   d r o p -  

w i s e   t h e r e t o   and   s t i r r e d   f o r   30  m i n u t e s .   Then   a  s o l u t i o n  

p r e p a r e d   by  d i s s o l v i n g   2 . 2 3   g  of   1 - ( 5 - b r o m o p e n t y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   i n   10  ml  o f  

a n h y d r o u s   t e t r a h y d r o f u r a n   was  a d d e d   d r o p w i s e   t o   t h e  

r e a c t i o n   m i x t u r e .   F u r t h e r ,   2  ml  of  h e x a m e t h y l p h o s p h o r i c  

t r i a m i d e   was  a d d e d   d r o p w i s e   t h e r e t o ,   and  t e m p e r a t u r e   o f  

t h e   r e a c t i o n   m i x t u r e   was  e l e v a t e d   to   room  t e m p e r a t u r e   i n  

12  h o u r s .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r  

r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e   o b t a i n e d   was  a d d e d  

400  ml  of   a  m i x e d   s o l v e n t   of   d i e t h y l   e t h e r - b e n z e n e   ( 1 : 1 ) ,  

t h e   o r g a n i c   l a y e r   was  w a s h e d   w i t h   w a t e r   and   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n   t h i s   o r d e r ,   t h e n  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   Then   t h e   s o l v e n t  

was  r e m o v e d - b y   e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e  

r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s   of  a  s i l i c a   g e l  

c o l u m n   c h r o m a t o g r a p h y ,   and  e l u t e d   w i t h   a  m i x e d   s o l v e n t  

of  f r o m   2 0 %  -   50%  e t h y l   a c e t a t e - h e x a n e   t h o s e   of   w h i c h  

i n c r e a s i n g   t h e   m i x i n g   r a t i o s   s t e p w i s e ,   t h e n   2 . 0 9   g  o f  

2 , 2 ' - ( 6 - d o d e c y n y l e n e ) b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e ]   was  o b t a i n e d .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   1 . 6 5  -   1 . 3 5   (12H,  b r m ) ,   2 . 1 4  

(4H,  b r m ) ,   2 . 6 7   (4H,  b r t ,   J = 7 . 0 H z ) ,   3 . 5 2   ( 6 H ,  

s ) ,   3 . 5 8   (6H,  s ) ,   3 . 78   (12H,  s ) ,   5 . 0 1   (4H,  s ) ,  



5 . 1 7   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d   i n   E x a m p l e  

35,  t h e r e   w e r e   p r e p a r e d   c o m p o u n d s   of   E x a m p l e s   36  and  37  

r e s p e c t i v e   as  f o l l o w s .  

E x a m p l e   36  

2 , 2 ' - ( 8 - H e x a d e c y n y l e n e ) b i s [ l , 4 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b -  

s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 6  -   1 . 2 5   (20H,   b r m ) ,   2 . 1 2  

(4H,  t ,   J = 7 . 0   H z ) ,   2 . 6 6   (4H,  b r t ,   J = 8 . 1   H z ) ,  

3 . 5 3   (6H,  s ) ,   3 . 5 8   (6H,  s ) ,   3 . 7 8   (12H,   s ) ,  

5 . 0 1   (4H,  s ) ,   5 . 1 7   (4H,  s ) ,   6 . 6 4   (2H,  s ) .  

E x a m p l e   3 7  

2 , 2 ' - ( 1 0 - E i c o s y n y l e n e ) b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 6  -   1 . 2   (28H,   b r m ) ,   2 . 1 3  

(4H,  t ,   J = 7 . 0 H z ) ,   2 . 6 5   (4H,  b r t ,   J = 8 . 2 H z ) ,  

3 . 5 3   (6H,  s ) ,   3 . 5 8   (6H,  s ) ,   3 . 7 8   (12H,   s ) ,  

5 . 0 1   (4H,  s ) ,   5 . 1 7   (4H,  s ) ,   6 . 6 4   (2H,  s ) .  

E x a m p l e   3 8  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d   a b o v e ,  

e x c e p t   t h a t   1  g  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e ,   40  ml  of   t e t r a h y d r o f u r a n ,   3 . 5 7   ml  o f   s e c - b u t y l -  



l i t h i u m   ( 1 . 3   M,  c y c l o h e x a n e   s o l u t i o n ) ,   0 . 2 6   ml  of  1 , 5 -  

d i b r o m o p e n t a n e ,   700  mg  of  s o d i u m   i o d i d e ,   and  2  ml  o f  

h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   w e r e   u s e d ,   among  of  w h i c h  

t he   a m o u n t   of   1 , 5 - d i b r o m o p e n t a n e   was  r e l a t i v e l y   s m a l l e r ,  

t h e r e   was  p r e p a r e d   335  mg  of  2 , 2 ' - p e n t a m e t h y l e n e - b i s -  

[ l , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s  

n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   6 7  -   6 8 ° C  

PMR,  δ  ppm  (CDC13) :   1 . 5 4   (6H,  m),   2 . 6 7   (4H,  b r t ,  

J = 7 . 3 H z ) ,   3 . 5 2   (6H,  s ) ,   3 . 5 7   (6H,  s ) ,   3 . 7 7  

(6H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1   (4H,  s ) ,   5 . 1 7  

(4H,  s ) ,   6 . 6 4   (2H,  s ) .  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d  i n   E x a m p l e  

38,  t h e r e   w e r e   p r e p a r e d   c o m p o u n d s   of  E x a m p l e   39  to   E x a m p l e  

44  as  f o l l o w s .  

E x a m p l e   39 

2 , 2 ' - H e x a m e t h y l e n e b i s [ l , 4 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   5 9  -   6 0 ° C  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 4 3   (4H,  b r m ) ,   1 . 5 0  ( 4 H ,   b r m ) ,  

2 . 6 5   (4H,  t ,   J = 7 . 0 H z ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 8  

(6H,  s ) ,   3 . 7 7   (6H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1  

(4H,  s ) ,   5 . 1 6   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  



E x a m p l e   4 0  

2 , 2 ' - H e p t a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 3 9   (6H,  m) ,   1 . 5 5   (4H,  m ) ,  

2 . 6 5   (4H,  b r t ,   J = 7 . 8 H z ) ,   3 . 5 3   (3H,  s ) ,   3 . 5 8  

(3H,  s ) ,   3 . 7 8 0   (6H,  s ) ,   3 . 7 8 6   (6H,  s ) ,   5 . 0 1  

(4H,  s ) ,   5 . 1 7   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  

E x a m p l e   4 1  

2 , 2 ' - O c t a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 6  -   1 . 3   (12H,   m) ,   2 . 6 6   ( 4 H ,  

t ,   J = 6 . 9 H z ) ,   3 . 5 2   (6H,  s ) ,   3 . 5 8   (6H,  s ) ,  

3 . 7 8   (12H,   s ) ,   5 . 0 2   (4H,  s ) ,   5 . 1 7   (4H,  s ) ,  

6 . 6 3   (2H,  s ) .  

E x a m p l e   4 2  

2 , 2 ' - N o n a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 4  -   1 . 2 5   (10H,   m) ,   1 . 5 4   ( 4 H ,  

m) ,  2 . 6 5   (4H,  b r t ,   J = 7 . 5 H Z ) ,   3 . 5 3   (6H,  s ) ,  

3 . 5 8   (6H,  s ) ,   3 . 7 8 4   (6H,  s ) ,   3 . 7 8 7   (6H,  s ) ,  

5 . 0 1   (4H,  s ) ,   5 . 1 7   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  

E x a m p l e   4 3  

2 , 2 ' - D e c a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 -  



b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 6  -   1 .2   (16H,   m),   2 . 6 5   ( 4 H ,  

t ,   J = 7 . 0 H z ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 8   (6H,  s ) ,  

3 . 7 8   (12H,   s ) ,   5 . 0 2   (4H,  s ) ,   5 . 1 7   (4H,  s ) ,  

6 . 6 4   (2H,  s ) .  

E x a m p l e   44  

2 , 2 ' - D o d e c a m e t h y l e n e b i s - [ l , 4 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) b e n 2 e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   1 . 4  -   1 . 2   (16H,   m) ,   1 . 5 6   ( 4 H ,  

m),   2 . 6 6   ( 4 H ,  b r t ,   J = 7 . 3 H z ) ,   3 . 5 3   (6H,  s ) ,  

3 . 5 8   (6H,  s ) ,   3 . 79   (12H,  s ) ,   5 . 0 1   (4H,  s ) ,  

5 . 1 7   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  

E x a m p l e   45  

500  M i l l i g r a m s   of  2 , 2 ' - ( 6 - d o d e c y n y l e n e ) b i s -  

[ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

d i s s o l v e d   in   a  m i x e d   s o l v e n t   of  5  ml  of   t e t r a h y d r o f u r a n  

w i t h   5  ml  of  i s o p r o p a n o l .   The  gas   p h a s e   i n   t h e   r e a c t i o n  

v e s s e l   was  r e p l a c e d   w i t h   a r g o n   gas   t h r e e   t i m e s   u n d e r  

r e d u c e d   p r e s s u r e   d e a e r a t i o n .   1  M i l l i l i t e r   of   t e t r a -  

h y d r o f u r a n - i s o p r o p a n o l   s o l u t i o n   of  h y d r o g e n   c h l o r i d e   (20%) 

was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e   and  was  s t i r r e d   f o r   1 2  

h o u r s   a t   room  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

f u r t h e r   h e a t e d   to   40°C  f o r   1  h o u r   to   c o m p l e t e   t h e   r e a c t i o n .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   to   t h e   r e s i d u e   t h u s   o b t a i n e d   was  a d d e d   10  m l  



of  b e n z e n e   and   t h e   s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n  

u n d e r   a  r e d u c e   p r e s s u r e .   T h e r e  w a s   p r e p a r e d   2 , 2 ' - ( 6 -  

d o c e c y n y l e n e ) b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 - d i m e t h o x y b e n z e n e )  

as  i n   t h e   f o r m   of   c o l o r l e s s   p o w d e r y   s u b s t a n c e .  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d   i n   E x a m p l e  

45,   t h e r e   w e r e   p r e p a r e d   c o m p o u n d s   of   E x a m p l e   46  to   E x a m p l e  

54  as  f o l l o w s .  

E x a m p l e   4 6  

2 , 2 ' - ( 8 - H e x a d e c y n y l e n e ) b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 7  -   1 . 2   (20H,   b r m ) ,   2 . 1 2  

(4H,  t ,   J = 7 . 0 H z ) ,   2 . 6 3   (4H,  b r t ,   J = 7 . 6 H z ) ,  

3 . 7 4   (6H,  s ) ,   3 . 8 2   (6H,  s ) ,   5 . 2 2   (2H,  s ) ,  

5 . 2 9   (2H,  s ) ,   6 . 4 3   (2H,  s ) .  

E x a m p l e   4 7  

2 , 2 ' - ( 1 0 - E i c o s y n y l e n e ) b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  

E x a m p l e   4 8  

2 , 2 ' - P e n t a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .   C o l o r l e s s   p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   1 5 2  -   1 5 2 ° C .  

PMR,  δ  ppm  ( C H C l 3 ) :   1 . 8  -   1 . 2   (6H,  b r m ) ,   2 . 6 6  

(4H,  t ,   J = 6 . 7 H z ) ,   3 . 7 4   (6H,  s ) ,   3 . 8 2   (6H,  s ) ,  



5 . 1 9   (2H,  s ) ,   5 . 2 5   (2H,  s ) ,   6 . 4 3   (2H,  s )  .  

E x a m p l e   49 

2 , 2 ' - H e x a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  

E x a m p l e   50  

2 , 2 ' - H e p t a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  

E x a m p l e   5 1  

2 , 2 ' - O c t a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  

E x a m p l e   5 2  

2 , 2 ' - N o n a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .   C o l o r l e s s   p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   1 0 0  -   1 0 2 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 8  -   1 . 2   (14H,   b r m ) ,   2 . 6 3  

(4H,  t ,   J = 7 . 6 H z ) ,   3 . 7 4   (6H,  s ) ,   3 . 8 1   (6H,  s ) ,  

5 . 3 5   (4H,  s ) ,   6 . 4 3   (2H,  s ) .  

E x a m p l e   53  

2 , 2 ' - D e c a m e t h y l e n e b i s ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  



E x a m p l e   5 4  

2 , 2 ' - D o d e c a m e t h y l e n e ( 1 , 4 - d i h y d r o x y - 3 , 6 -  

d i m e t h o x y b e n z e n e ) .  

E x a m p l e   5 5  

9 . 8   Grams  of  2 , 2 ' - p e n t a m e t h y l e n e b i s [ l , 4 -  

i m e t h o x y - 3 , 6 - ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d   i n  

400  ml  o f   a n h y d r o u s   t e t r a h y d r o f u r a n   u n d e r   a r g o n   g a s  

s t r e a m   c o n d i t i o n s ,   to   t h i s   s o l u t i o n   was   a d d e d   100  ml  o f  

h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   and   t h e   w h o l e   m i x t u r e   w a s  

c o o l e d   i n   a  d r y   i c e - a c e t o n e   b a t h .   2 9 . 3 5   M i l l i l i t e r s   o f  

s e c - b u t y l l i t h i u m   ( 1 . 4   M,  c y c l o h e x a n e   s o l u t i o n )   was  a d d e d  

d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   f o r   1  h o u r .  

N e x t ,   t h e r e t o   4 . 3   ml  of   m e t h y l   i o d i d e   was   a d d e d   d r o p w i s e  

a n d   t h e   w h o l e   r e a c t i o n   m i x t u r e   was   c o o l e d   i n   a  d r y   i c e -  

a c e t o n e   b a t h   f o r   12  h o u r s   w i t h   s t i r r i n g .   The  s o l v e n t  

was  r e m o v e d   f r o m   t h e   r e a c t i o n   m i x t u r e   by  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e   o b t a i n e d   w a s  

a d d e d   2  l i t e r s   o f   a  m i x e d   s o l v e n t   o f   d i e t h y l   e t h e r -  

b e n z e n e   ( 1 : 1 )   and  t h e   o r g a n i c   l a y e r   was   w a s h e d   w i t h   w a t e r  

and   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n   i n  

t h i s   o r d e r ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  d r i e d   o r g a n i c   l a y e r   was  c o n c e n t r a t e d   t o   o b t a i n   11  g  

of   2 , 2 ' - p e n t a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 5 - m e t h y l b e n z e n e ] .   C o l o r l e s s   n e e d l e s s   c r y s t a l s .  

M e l t i n g   p o i n t :   8 3  -   8 4 ° C .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 7  -   1 . 4   (6H,  b r m ) ,   2 . 1 9  



(6H,  s ) ,   2 . 6 1   (4H,  b r t ,   J = 7 . 0 H z ) ,   3 . 5 5   (12H,  s ) ,  

3 . 7 0   (6H,  s ) ,   3 . 7 3   (6H,  s ) ,   5 . 0 1   (8H,  s ) .  

E x a m p l e   56  

140  M i l l i g r a m s   of   2 , 2 ' - p e n t a m e t h y l e n e - b i s -  

[ l , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

d i s s o l v e d   in   5  ml  of   a n h y d r o u s   t e t r a h y d r o f u r a n   u n d e r  

a r g o n   g a s   s t r e a m   c o n d i t i o n s ,   t h e n   0 .5   ml  of   h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e   was  a d d e d   to   t h i s   s o l u t i o n   and   t h e  

m i x t u r e   was  c o o l e d   in   a  d r y   i c e - a c e t o n e   b a t h .   N e x t ,  

0 . 2 3   ml  o f   s e c - b u t y l l i t h i u m   ( 1 . 4   M,  c y c l o h e x a n e   s o l u t i o n )  

was  a d d e d   d r o p w i s e   to   t h e   r e a c t i o n   m i x t u r e   a n d   s t i r r e d  

f o r   1  h o u r .   T h e n ,   0 . 0 6   ml  of   m e t h y l   i o d i d e   was   a d d e d  

d r o p w i s e   t h e r e t o   u n d e r   c o o l i n g   in   a  d r y   i c e - a c e t o n e   b a t h  

f o r   12  h o u r s   w i t h   s t i r r i n g .   The  s o l v e n t   was   r e m o v e d   b y  

e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   to  t h e   r e s i d u e  

o b t a i n e d   was  a d d e d   100  ml  of  a  m i x e d   s o l v e n t   of   d i e t h y l  

e t h e r - b e n z e n e   ( 1 : 1 ) ,   and  t h e   o r g a n i c   l a y e r   was  w a s h e d  

w i t h   w a t e r   t h e n   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n ,   and  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  d r i e d   s o l u t i o n   was  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e   to   o b t a i n   100  mg  of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s -  

( m e t h o x y m e t h o x y ) - 3 - m e t h y l - 6 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e .   C o l o r l e s s   n e e d l e s  

c r y s t a l s .  

M e l t i n g   p o i n t :   7 6  -   7 7 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 8  -   1 .3   (6H,  b r m ) ,   2 . 1 8   ( 3 H ,  



s ) ,   2 . 6 3   (4H,  b r m ) ,   3 . 5 1   (3H,  s ) ,   3 . 5 6   (9H,  s ) ,  

3 . 7 0   (3H,  s ) ,   3 . 7 4   (3H,  s ) ,   3 . 7 6   (6H,  s ) ,  

5 . 0 2   (6H,  s ) ,   5 . 1 3   (2H,  s ) ,   6 . 7 0   ( lH ,   s ) .  

E x a m p l e   5 7  

By  a  m e t h o d   s i m i l a r   t o   t h a t   d e s c r i b e d   i n   E x a m p l e  

45,   t h e r e   was  p r e p a r e d   t h e   f o l l o w i n g   c o m p o u n d .  

2 , 2 ' - P e n t a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 -  

d i m e t h o x y - 5 - m e t h y l b e n z e n e ] .   C o l o r l e s s   p o w d e r y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 - D M S O - D 6 ) :   1 . 7  -   1 . 3   (6H,  b r m ) ,  

2 . 1 0   (6H,  s ) ,   2 . 5   (4H,  b r m ) ,   3 . 6 5   (6H,  s ) ,  

3 . 6 9   (6H,  s ) ,   7 . 2 0   (2H,  s ) ,   7 . 3 5   (2H,  s ) .  

E x a m p l e   5 8  

1 . 1   Grams  (1 .8   m m o l e s )   of   2 , 2 ' - ( 1 , 5 - p e n t a -  

m e t h y l e n e ) b i s [ l , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e ]   was  d i s s o l v e d   in   a  m i x e d   s o l v e n t   of   20  ml  o f  

t e t r a h y d r o f u r a n   w i t h   4  ml  of   h e x a m e t h y l p h o s p h o r i c  

t r i a m i d e ,   a n d   t h e   s o l u t i o n   was  c o o l e d   i n   a  d r y   i c e -  

a c e t o n e   b a t h   to   - 7 8 ° C .   Then   to   t h i s   c o o l e d   s o l u t i o n   w a s  

a d d e d   s e c - b u t y l l i t h i u m   ( 1 . 4   m m o l e s / m l )   and   s t i r r e d   f o r  

1  h o u r .   N e x t ,   1  m i l l i l i t e r   of   t e t r a h y d r o f u r a n   s o l u t i o n  

of   e t h y l e n e   o x i d e   ( 2 . 1   m m o l e s / m l )   was  a d d e d   f u r t h e r   a  

s m a l l   a m o u n t   of   b o r o n   t r i f l u o r i d e   e t h e r a t e   ( B F 3 - O E t 2 )   w a s  

a d d e d   t h e r e t o .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   4 

h o u r s   a t   - 7 8 ° C ,   and   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .  

To  t h e   r e s i d u e   o b t a i n e d   was  a d d e d   300  ml  of   a  m i x e d  



s o l v e n t   b e n z e n e - d i e t h y l   e t h e r   ( 1 : 1 ) ,   and  t h e   o r g a n i c  

l a y e r   was  w a s h e d   w i t h   w a t e r   and   t h e n   w i t h   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   and  d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e ,   t h e n   f i l t e r e d .   The  f i l t r a t e   o b t a i n e d  

was  p u r i f i e d   by  means   of  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

( a d s o r b e n t :   20  g  o f   s i l i c a   g e l ,   e l u e n t :   40%  e t h y l   a c e t a t e -  

b e n z e n e )   t o   o b t a i n   0 .6   g  of   1 - ( 2 - h y d r o x y e t h y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - { 5 - [ 3 , 6 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e .   A m o r p h o u s  

p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 4  -   1 . 6   (6H,  b r m ) ,   2 . 6 0   ( 4 H ,  

t ,   J = 6 . 0 H z ) ,   2 . 9 5   (2H,  t ,   J = 6 . 0 H z ) ,   3 . 5 2   ( 3 H ,  

s ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 5   (3H,  s ) ,   3 . 7 6   (3H,  s ) ,  

3 . 7 7   (6H,  s ) ,   3 . 8 0   (3H,  s ) ,   5 . 0 1   (4H,  s ) ,   5 . 0 3  

(4H,  s ) ,   6 . 6 0   ( lH,   s ) .  

E x a m p l e   59  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d   i n   E x a m p l e  

58,  e x c e p t   t h a t   2  t i m e s   t h e   a m o u n t   of  s e c - b u t y l l i t h i u m   a n d  

5  t i m e s   t h e   a m o u n t   of  e t h y l e n e   o x i d e   w e r e   u s e d ,   t h e r e   w a s  

o b t a i n e d   0 .9   g  of  4 , 4 ' - p e n t a m e t h y l e n e b i s [ 1 - ( 2 - h y d r o x y e t h y l ) -  

2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s  

n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   6 8  -   7 0 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 4  -   1 .6   (6H,  b r m ) ,   2 . 5 0   ( 4 H ,  

6,  J = 6 . 0 H z ) ,   2 . 9 6   (4H,  t ,   J = 6 . 0 H z ) ,   3 . 5 3   (6H,  s ) ,  



3 . 5 4   (6H,  s ) ,   3 . 7 5   (6H,  s ) ,   3 . 7 6   (6H,  s ) ,   3 . 7 9  

(4H,  t ,   J = 6 . 0 H z ) ,   5.0-1  (4H,  s ) ,   5 . 0 4   (4H,  s ) .  

E x a m p l e   60  

200  M i l l i g r a m s   of  2 , 2 ' - p e n t a m e t h y l e n e b i s -  

( 1 , 4 - d i h y d r o x y - 3 , 6 - d i m e t h o x y b e n z e n e )   was   d i s s o l v e d   i n  

20  ml  o f   m e t h a n o l ,   t h e   s o l u t i o n   was   h e a t e d   a t   60°C  a n d  

o x y g e n   g a s   was  b l o w n   i n t o   t h e   s o l u t i o n .   A  s m a l l   a m o u n t  

of  s o d i u m   h y d r o g e n   c a r b o n a t e   was   a d d e d   t h e r e t o   a n d  

r e a c t e d   f o r   a b o u t   1  h o u r .   The  s o l v e n t   was  r e m o v e d   b y  

e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e  

o b t a i n e d   was  t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l   t h i n   l a y e r  

c h r o m a t o g r a p h y   ( t h i c k n e s s :   2  mm,  d e v e l o p e r :   20%  e t h y l  

a c e t a t e - b e n z e n e )   t o   o b t a i n   135  mg  o f   c r u d e   p r o d u c t   o f  

2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e )  

as  i n   t h e   f o r m   of   y e l l o w   o i l y   s u b s t a n c e .   R e c r y s t a l l i z e d  

f r o m   e t h a n o l - w a t e r   to   o b t a i n   y e l l o w   n e e d l e s   c r y s t a l s  

t h e r e o f .  

M e l t i n g   p o i n t :   1 1 3  -   1 1 5 ° C .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 3 5   (6H,  b r m ) ,   2 . 4 2   (4H,  b r t ,  

J = 7 . 3 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   (6H,  s ) ,   5 . 7 2  

(2H,  s ) .  

By  a  m e t h o d   s i m i l a r   t o   t h a t   d e s c r i b e d   i n   E x a m p l e  

60 ,   t h e r e   w e r e   p r e p a r e d   c o m p o u n d s   of   E x a m p l e   61  to   E x a m p l e  

66  as   f o l l o w s .  



E x a m p l e   6 1  

2 , 2 ' - H e x a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 2 0  -   1 2 2 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 5  -   1 . 2   (8H,  b r m ) ,   2 . 4 2   ( 4 H ,  

t ,   J = 6 . 8 H z ) ,   3 . 80   (6H,  s ) ,   4 . 0 5   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  

E x a m p l e   6 2  

2 , 2 ' - H e p t a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   7 7  -   7 8 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 5  -   1 . 2   (10H,  b r m ) ,   2 . 4 1  

(4H,  t ,   J = 7 . 3 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  

E x a m p l e   6 3  

2 , 2 ' - O c t a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 0 8  -   1 1 0 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 5  -   1 . 2   (12H,  b r m ) ,   2 . 4 2  

(4H,  t ,   J = 6 . 8 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  



E x a m p l e   6 4  

2 , 2 ' - N o n a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   p r i s m - l i k e   c r y s t a l s .  

M e l t i n g   p o i n t :   7 2  -   7 4 ° C .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 5  -   1 . 2   (14H,  b r m ) ,   2 . 4 2  

(4H,  t ,   J = 7 . 6 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  

E x a m p l e   6 5  

2 , 2 ' - D e c a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 6  -   1 . 2   (16H,  m) ,   2 . 4 2  

(4H,  t ,   J = 7 . 9 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 5   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  

E x a m p l e   6 6  

2 , 2 ' - D o d e c a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 5  -   1 . 2   (20H,   m),   2 . 4 2   ( 4 H ,  

t ,   J = 7 . 6 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 4   (6H,  s ) ,  

5 . 7 2   (2H,  s ) .  

E x a m p l e   6 7  

2 , 2 ' - ( 6 - D o d e c y n y l e n e ) b i s ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  



PMR,  δ  ppm  (CDC13) :   1 . 6 5  -   1 .2   (12H,   b r m ) ,   2 . 1 2  

(4H,  b r t ,   J = 6 . 7   H z ) , . - 2 . 4 3   (4H,  b r t ,   J = 7 . 0 H z ) ,  

3 .79   (6H,  s ) ,   4 . 0 5   (6H,  s ) ,   5 . 7 2   (2H,  s ) .  

E x a m p l e   68  

2 , 2 ' - ( 8 - H e x a d e c y n y l e n e ) b i s ( 3 , 6 - d i m e t h o x y - l , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 7  -   1 . 2   (20H,   b r m ) ,   2 . 1 2   ( 4 H ,  

t ,   J = 7 . 3 H z ) ,   2 . 4 2   (4H,  t ,   J = 7 . 3 H z ) ,   3 . 8 0   ( 6H ,  

s ) ,   4 . 0 5   (6H,  s ) ,   5 . 7 2   (2H,  s ) .  

E x a m p l e   69 

2 , 2 ' - ( 1 0 - E i c o s y n y l e n e ) b i s ( 3 , 6 - d i m e t h o x y - l , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 7  -   1 .2   (28H,   b r m ) ,   2 . 1 2  

(4H,  t ,   J = 7 . 3 H z ) ,   2 . 4 2   (4H,  J = 7 . 3 H z ) ,   3 . 8 0  

(6H,  s ) ,   4 . 0 4   (6H,  s ) ,   5 . 7 2   (2H,  s ) .  

E x a m p l e   70  

7  Grams  of   2 , 2 ' - p e n t a m e t h y l e n e b i s ( l , 4 - d i h y d r o x y -  

3 , 6 - d i m e t h o x y - 5 - m e t h y l b e n z e n e   was  d i s s o l v e d   i n   200  ml  o f  

m e t h a n o l ,   and  a  s m a l l   a m o u n t   of  s o d i u m   h y d r o g e n   c a r b o n a t e  

was  a d d e d   to   t h e   s o l u t i o n   and  t h e   m i x t u r e   was  h e a t e d  

a t   6 0 ° C .   The  r e a c t i o n   was  c a r r i e d   o u t   by  b l o w i n g   o x y g e n  

gas   f o r   2  h o u r s ,   t h e n   t h e   s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  t r e a t e d  

by  m e a n s   of  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( e l u e n t :  



10%  e t h y l   a c e t a t e - n - h e x a n e )   to   o b t a i n   y e l l o w   o i l y   s u b s t a n c e .  

T h e n ,   t h i s   s u b s t a n c e   was  r e c r y s t a l l i z e d   f r o m   e t h a n o l -  

w a t e r   t o   o b t a i n   2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - 5 -  

m e t h y l - l , 4 - b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   8 4  -   8 6 ° C .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 4 0   (6H,  b r m ) ,   1 . 9 1   (6H,  s ) ,  

2 . 4 0   (4H,  b r t ,   J = 7 . 3   H z ) ,   3 . 9 9   (12H,  s ) .  

E x a m p l e   7 1  

426  M i l l i g r a m s   o f   l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - m e t h y l - 6 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  d i s s o l v e d   i n   5  ml  o f  

t e t r a h y d r o f u r a n   and   5  ml  o f   i s o p r o p a n o l ,   u n d e r   n i t r o g e n  

gas   s t r e a m   c o n d i t i o n s ,   1  ml  o f   t e t r a h y d r o f u r a n - i s o p r o p a n o l  

( 1 : 1 )   s o l u t i o n   of   20%  h y d r o g e n   c h l o r i d e   was   a d d e d   t h e r e t o ,  

and  t h e   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   1 2  

h o u r s .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r  

r e d u c e d   p r e s s u r e   t o   o b t a i n   c o l o r l e s s   p o w d e r y   s u b s t a n c e .  

T h i s   s u b s t a n c e   was  d i s s o l v e d ,   w i t h o u t   b e i n g   p u r i f i e d ,  

i n   20  ml  of   m e t h a n o l ,   and   a  s m a l l   a m o u n t   o f   s o d i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d ,   t h e n   t h e   m i x t u r e   was  h e a t e d   a t   6 0 ° C ,  

and  was   s t i r r e d   f o r   2  h o u r s   u n d e r   o x y g e n   g a s   s t r e a m  

c o n d i t i o n .   The  s o l v e n t   was   r e m o v e d   by  e v a p o r a t i o n   u n d e r  

)  r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  d e v e l o p e d  

on  a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( e l u e n t :   40% 

e t h y l   a c e t a t e - n - h e x a n e )   t o  o b t a i n   262  mg  o f   2 , 5 - d i m e t h o x y -  

3 - m e t h y l - 6 - [ 5 - ( 2 , 5 - d i m e t h o x y - l , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] -  



1 , 4 - b e n z o q u i n o n e .   Y e l l o w   p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   4 8  -   4 9 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 4 5  -   1 . 2 5   (6H,  b r m ) ,   1 . 9 1  

(3H,  s ) ,   4 . 3 9   (2H,  t ,   J = 7 . 8 H z ) ,   2 . 4 3   (2H,  t ,  

J = 7 . 8 H z ) ,   3 . 7 9   (3H,  s ) ,   3 . 9 8   (6H,  s ) ,   4 . 0 5  

(3H,  s ) ,   5 . 7 2   ( lH,   s ) .  

E x a m p l e   7 2  

402  M i l l i g r a m s   of   4 , 4 ' - p e n t a m e t h y l e n e b i s [ 1 -  

( 2 - h y d r o x y e t h y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e ]   was  d i s s o l v e d   in   a  m i x e d   s o l v e n t   of   4  ml  o f  

t e t r a h y d r o f u r a n   w i t h   4  ml  of   i s o p r o p a n o l ,   u n d e r   i c e -  

c o o l i n g   c o n d i t i o n s ,   0 . 8   ml  of  t e t r a h y d r o f u r a n - i s o p r o p a n o l  

( 1 : 1 )   s o l u t i o n   c o n t a i n i n g   20%  of  h y d r o g e n   c h l o r i d e   w a s  

a d d e d   t h e r e t o .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   a t   5 0 ° C  

on  a  w a t e r   b a t h   f o r   5  h o u r s   w i t h   s t i r r i n g .   The  r e a c t i o n  

m i x t u r e   was  c o n c e n t r a t e d ,   and  to   t h e   r e s i d u e   o b t a i n e d  

was   a d d e d   10  ml  of  m e t h a n o l   and  a  s m a l l   a m o u n t   of  s o d i u m  

h y d r o g e n   c a r b o n a t e ,   t h e n   w h o l e   m i x t u r e   was  h e a t e d   a t   50  

to   6 0 ° C ,   on  a  w a t e r   b a t h   and  o x y g e n   g a s   was  b l o w n   i n t o  

t h e   r e a c t i o n   m i x t u r e   f o r   5  h o u r s .   A f t e r   t h e   r e a c t i o n  

was  c o m p l e t e d ,   t h e   r e a c t i o n   m i x t u r e   was  f i l t e r e d ,   a n d  

c o n c e n t r a t e d ,   t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s  

of   a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( s i l i c a   g e l  

p l a t e :   20  x  20  cm,  t h i c k n e s s   2  mm,  2  p l a t e s   w e r e   u s e d ,  

d e v e l o p i n g   s o l v e n t :   e t h y l   a c e t a t e : b e n z e n e   =  1 : 1 ) ,   t h e n  

r e c r y s t a l l i z e d   f r o m   p e t r o l e u m   e t h e r   to   o b t a i n   305  mg  o f  



5 , 5 ' - p e n t a m e t h y l e n e b i s [ 2 - ( 2 - h y d r o x y e t h y l ) - 3 , 6 - d i m e t h o x y -  

1 , 4 - b e n z o q u i n o n e ]   was  o b t a i n e d .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   9 7  -   9 9 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 2  -   1 . 5   (6H,  m) ,   2 . 3 5   ( 4 H ,  

b r t ,   J = 6 . 5 H z ) ,   2 . 6 8   (4H,  t ,   J = 7 . 5 H z ) ,   3 . 6 7  

(4H,  t ,   J = 7 . 5 H z )  ,   3 . 9 6   (6H,  s ) ,   4 . 0 0   (6H,  s ) .  

E x a m p l e   7 3  

280  M i l l i g r a m s   ( 1 . 0 8   m m o l e s )   of   1 , 4 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d  

s o l v e n t   of   5  ml  o f   t e t r a h y d r o f u r a n   w i t h   1  ml  o f   h e x a -  

m e t h y l p h o s p h o r i c   t r i a m i d e ,   t h e n   t h i s   s o l u t i o n   was  c o o l e d  

t o   - 7 8 ° C   i n   a  d r y   i c e - a c e t o n e   b a t h .   To  t h i s   c o o l e d  

s o l u t i o n   was   a d d e d   1 . 0 8   ml  ( 1 . 2 1   m m o l e s )   o f   s e c -  

b u t y l l i t h i u m   ( 1 . 2 1   M,  c y c l o h e x a n e   s o l u t i o n )   and  t h e  

m i x t u r e   was  s t i r r e d   f o r   30  m i n u t e s ,   t h e n   2  ml  of   t e t r a -  

h y d r o f u r a n   s o l u t i o n   c o n t a i n i n g   440  mg  ( 1 . 0   mmole)   o f  

l - ( 4 - i o d o b u t y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   was  a d d e d   t h e r e t o   and   s t i r r e d   f o r   12  h o u r s .   T h e  

r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d ,   t o   t h e   r e s i d u e   o b t a i n e d  

was  a d d e d   60  ml  of  d i e t h y l   e t h e r ,   and  w a s h e d   t w i c e   w i t h  

w a t e r ,   t h e n   w a s h e d   t w i c e   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   The  d r i e d   d i e t h y l   e t h e r   s o l u t i o n   was  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d  

by  m e a n s   of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r  

2  cm  x  l e n g t h   20  cm,  e l u e n t :   20%  e t h y l   a c e t a t e - b e n z e n e )   t o  



o b t a i n   467  mg  of  2 , 2 ' - t e t r a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 6  -   1 . 7   (4H,  m) ,   2 . 7 0   ( 4 H ,  

b r ,   t ,   J = 7 . 5 H z ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 7   (6H,  s ) ,  

3 . 8 0   (6H,  s ) ,   3 . 7 9   (6H,  s ) ,   5 . 0 0   (4H,  s ) ,  

5 . 1 7   (4H,  s ) ,   6 . 6 3   (2H,  s ) .  

E x a m p l e   74  

374  M i l l i g r a m s   of   1 - ( 2 - h y d r o x y e t h y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d  

in   3  ml  of  d i m e t h y l f o r m a m i d e ,   u n d e r   i c e - c o o l i n g   c o n d i t i o n s ,  

80  mg  of  s o d i u m   h y d r i d e   (60%  d i s p e r s i o n )   was  a d d e d   t h e r e t o ,  

t h e n   2  ml  of   t e t r a h y d r o f u r a n   s o l u t i o n   c o n t a i n i n g   527  mg 

of  1 - ( 3 - i o d o p r o p y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   was  a d d e d .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   a t  

50°C  i n   an  o i l   b a t h .   6  H o u r s   l a t e r ,   i c e   w a t e r   and  100  m l  

of  d i e t h y l   e t h e r   w e r e   a d d e d   to   t h e   r e a c t i o n   m i x t u r e .   T h e  

e t h e r   l a y e r   was  w a s h e d   t w i c e   w i t h   50  ml  of   w a t e r ,   t h e n  

w a s h e d   t w i c e   w i t h   50  ml  o f   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   T h i s   s o l u t i o n   was  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  m e a n s  

of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r   3  cm  x  

l e n g t h   15  cm,  e l u e n t :   40%  e t h y l   a c e t a t e - n - h e x a n e   m i x e d  

s o l v e n t ,   a d s o r b e n t :   " W a k o g e l   C - 2 0 0 " )   to   o b t a i n   484  mg  o f  

2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] e t h y l  

3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p y l  

e t h e r .  



PMR,  δ  ppm  (CDC13) :   1 . 8 5   (2H,  m),   2 . 7 3   (2H,  t ,  

J = 6 . l H z ) ,   3 . 0 0   (2H,  t ,   J = 6 . 2 H z ) ,   3 . 5 3   (2H,  t ,  

J = 6 . 1 H z ) ,   3 . 5 4   (6H,  b r ,   s ) ,   3 . 5 8   (6H,  b r ,   s ) ,  

3 . 5 9   (2H,  t ,   J = 6 . 2 H z ) ,   3 . 7 9   (9H,  b r ,   s ) ,   3 . 8 0  

(3H,  s ) ,   5 . 0 3   (4H,  b r ,   d,  J = 5 . l H z ) ,   5 . 1 7   ( 4 H ,  

b r ,   s ) ,   6 . 6 5   ( lH ,   s ) ,   6 . 6 7   ( lH ,   s ) .  

E x a m p l e   7 5  

696  M i l l i g r a m s   o f   1 - h y d r o x y m e t h y l - 2 , 5 - d i e m t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d   in   10  m l  

of  d i m e t h y l f o r m a m i d e ,   t h e n   u n d e r   i c e - c o o l i n g   c o n d i t i o n s ,  

114  mg  o f   s o d i u m   h y d r i d e   (60%  d i s p e r s i o n )   was  a d d e d  

t h e r e t o ,   n e x t   3  ml  of   d i m e t h y l f o r m a m i d e   s o l u t i o n   c o n t a i n i n g  

741  mg  of   l - c h l o r o m e t h y l - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was   a d d e d   to   t h e   m i x t u r e   and   t h e   w h o l e  

m i x t u r e   was  h e a t e d   to   5 0  -   60°C  f o r   12  h o u r s   w i t h   s t i r r i n g .  

I c e   w a t e r   was   a d d e d   to   t h e   r e a c t i o n   m i x t u r e   and   e x t r a c t e d  

w i t h   100  ml  of   e t h y l   a c e t a t e .   The  e t h y l   a c e t a t e   l a y e r  .  

was  w a s h e d   t w i c e   w i t h   50  ml  of   w a t e r ,   t h e n   w a s h e d   t w i c e  

w i t h   50  ml  o f   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,  

and   d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .   T h i s   d r i e d  

e x t r a c t   was  c o n c e n t r a t e d ,   and   t h e   r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y  

( d i a m e t e r   2  cm  x  l e n g t h   15  cm,  e l u e n t :   20%  e t h y l   a c e t a t e -  

b e n z e n e   m i x e d   s o l v e n t ,   a d s o r b e n t :   " W a k o g e l   C - 2 0 0 " )   t o  

o b t a i n   1 . 2   g  o f   b i s { [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] m e t h y l }   e t h e r .   C o l o r l e s s   p o w d e r .  



PMR,  6  ppm  ( C D C 1 3 ) :   3 . 4 7   (6H,  s ) ,   3 . 5 3   (6H,  s ) ,  

3 . 76   (6H,  s ) ,   3 . 7 8   (6H,  s ) ,   4 . 6 5   (4H,  s ) ,   5 . 0 0  

(4H,  s ) ,   5 . 1 4   (4H,  s ) ,   6 . 7 1   (2H,  s ) .  

E x a m p l e   76 

140  M i l l i g r a m s   of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   4  ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n ,   to   t h i s   s o l u t i o n   was  a d d e d   1  ml  o f  

h e x a m e t h y l p h o s p h o r i e   t r i a m i d e .   T h i s   m i x t u r e   was  c o o l e d  

to   - 7 8 ° C ,   and  0 . 5 4   ml  of   s e c - b u t y l l i t h i u m   ( 1 . 2   M  s o l u t i o n )  

was  a d d e d   d r o p w i s e   to   t h e   m i x t u r e   and  s t i r r e d   f o r   30  

m i n u t e s .   N e x t ,   a  s o l u t i o n   p r e p a r e d  b y   d i s s o l v i n g   350  m g  

of  1 - ( 3 - i o d o p r a p y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   i n   1  ml  of   a n h y d r o u s   t e t r a h y d r o f u r a n   was  a d d e d  

to   t h e   r e a c t i o n   m i x t u r e   a n d  s t i r r e d   f o r   2  h o u r s   t o  

c o m p l e t e   t h e   r e a c t i o n .   The  r e a c t i o n   m i x t u r e   was  c o n c e n -  

t r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   t h u s   o b t a i n e d  

was  t r e a t e d   by  m e a n s   o f   a  s i l i c a   g e l   p r e p a r a t i v e   t h i n  

l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :   2  mm,  a d s o r b e n t :   s i l i c a  

g e l ) ,   and  was  d e v e l o p e d   t w i c e   w i t h   30%  e t h y l   a c e t a t e - n -  

h e x a n e .   T h e r e   was  o b t a i n e d   169  mg  of   t h e   d e s i r e d   p r o d u c t  

of   2 , 2 ' - t r i m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 8 3   (2H,  m),   2 . 7 8   (4H,  b r ,   t ,  

J = 7 H z ) ,   3 . 5 1   (6H,  s ) ,   3 . 56   (6H,  s ) ,   3 . 7 7   ( 1 2 H ,  

s ) ,   4 . 9 9   (4H,  s ) ,   5 . 1 5   (4H,  s ) ,   6 . 6 2   (2H,  s ) .  



E x a m p l e   77  

300  M i l l i g r a m s   ( 1 . 2 5  m m o l e s )   of   s o d i u m   s u l f i d e  

( N a 2 S · 9 H 2 O )   w a s   d i s s o l v e d   i n   10  ml  of   e t h a n o l ,   to   t h i s  

s o l u t i o n   was  a d d e d   a  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g  

5 7 3 . 7   mg  of  1 - ( 3 - i o d o p r o p y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e   i n   6  ml  of   e t h a n o l   u n d e r   i c e -  

c o o l i n g   c o n d i t i o n s .   T h e n ,   t h e   r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   a t   a  room  t e m p e r a t u r e   f o r   20  m i n u t e s ,   f u r t h e r  

s t i r r e d   f o r   2  h o u r s   u n d e r   r e f l u x i n g   c o n d i t i o n s .   T h e  

r e a c t i o n   m i x t u r e   was  c o o l e d   and  c o n c e n t r a t e d   u n d e r   r e d u c e  

p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s   o f  

a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

S i l i c a   g e l   60 ,   t h i c k n e s s :   1  mm,  m a n u f a c t u r e d   by  E.  M e r c k  

A.  G . ,   d e v e l o p e r :   e t h y l   a c e t a t e : n - h e x a n e   =  3 : 7 )   t o   o b t a i n  

2 9 0 . 0   mg  of   b i s  { 3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] p r o p y l }   d i s u l f i d e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 8  -   2 . 1   (4H,  m) ,   2 . 7  -   1 . 8 5  

(8H,  m ) ,   3 . 5 3   (6H,  s ) ,   3 . 5 9   (6H,  s ) ,   3 . 8 0  

(12H,   s ) ,   5 . 0 3   (4H,  s ) ,   5 . 1 8   (4H,  s ) ,   6 . 6 6  

(2H,  s ) .  

E x a m p l e   7 8  

6 0 . 9 7   M i l l i g r a m s   ( 0 . 2 5   mmole)   o f   s o d i u m   s u l f i d e  

( N a 2 S · 9 H 2 O )   was   d i s s o l v e d   in   2  ml  of   e t h a n o l ,   u n d e r  

i c e - c o o l i n g   c o n d i t i o n s ,   a  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g  

2 3 0 . 5   mg  ( 0 . 5   mmole )   o f   1 - ( 5 - i o d o p e n t y l ) - 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   i n   2  ml  o f   e t h a n o l   w a s  



a d d e d   d r o p w i s e ,   and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r  

20  m i n u t e s   u n d e r   r e f l u x i n g   c o n d i t i o n s .   A f t e r   c o o l i n g  

t h e   r e a c t i o n   m i x t u r e ,   i t   was  c o n c e n t r a t e d   u n d e r   a  r e d u c e  

p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s  

of  a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :  

S i l i c a   g e l   60,   t h i c k n e s s   1  mm,  m a n u f a c t u r e d   by  E.  M e r c k  

A.  G . ,   d e v e l o p e r :   e t h y l   a c e t a t e : n - h e x a n e   =  3 : 7 )   to   o b t a i n  

1 5 6 . 9   mg  of   b i s { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] p e n t y l }   s u l f i d e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 3 3  -   1 . 7 3   (12H,   m) ,   2 . 3 7  -  

2 . 8 0   (8H,  m) ,   3 . 4 8   (6H,  s ) ,   3 . 5 3   (6H,  s ) ,  

3 . 7 6   (12H,   s ) ,   4 . 9 7   (4H,  s ) ,   5 . 1 3   (4H,  s ) ,  

6 . 6 1   (2H,  s ) .  

E x a m p l e   79 

1 .4   Grams  of  2 , 5 - d i h y d r o x y - l , 4 - b e n z o q u i n o n e  

was  d i s s o l v e d   in   40  ml  of  t e t r a h y d r o f u r a n ,   to   t h i s   s o l u -  

t i o n   was  a d d e d   10  ml  of   a c e t i c   a c i d   and   0 . 2   ml  of   3 7 % -  

f o r m a l i n   a q u e o u s   s o l u t i o n   and   t h e   m i x t u r e   was  s t i r r e d  

o v e r   n i g h t   a t   room  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e  

was  c o n c e n t r a t e d   to   d r y n e s s ,   and  t h e   r e s i d u e   o b t a i n e d  

was  d i s s o l v e d   i n   50  ml  of   t e t r a h y d r o f u r a n ,   and   w a s  

m e t h y l a t e d   by  a d d i n g   an  e x c e s s   a m o u n t   of   d i a z o m e t h a n e -  

e t h e r   s o l u t i o n   a t   0°C,   b e i n g   s t i r r e d   f o r   0 . 5   h o u r .  

N e x t ,   t h e   r e a c t i o n   m i x t u r e   was  t r e a t e d   by  m e a n s   of   a  

s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   [ e l u e n t :   e t h y l   a c e t a t e -  

d i c h l o r o m e t h a n e   ( 5 : 9 5   m i x t u r e   by  v o l u m e / v o l u m e ) ]   to   o b t a i n  



a  c r u d e   p r o d u c t .   Then   t h i s   c r u d e   p r o d u c t   was  r e c r y s t a l l i z e d  

f rom  e t h a n o l   to   o b t a i n   220  mg  of   2 , 2 ' - m e t h y l e n e b i s ( 3 , 6 -  

d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 9 8  -   1 9 9 ° C .  

PMR,  6  ppm  ( C D C l 3 ) :   3 . 6 2   (2H,  s ) ,   3 . 8 0   (6H,  s ) ,  

4 . 0 7   (6H,  s ) ,   5 . 7 3   (2H,  s ) .  

E x a m p l e   8 0  

U n d e r   i c e - c o o l i n g   c o n d i t i o n s ,   302  mg  of   1 , 2 -  

b i s [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] e t h a n o l  

was  d i s s o l v e d   in   5  ml  of  t r i f l u o r o a c e t i c   a c i d ,   t h e n   0 . 4  

ml  o f   t r i e t h y l s i l a n e   was  a d d e d   to   t h e   s o l u t i o n .   T h i s  

m i x t u r e   was   s t i r r e d   u n d e r   i c e - c o o l i n g   c o n d i t i o n s   f o r   2  

h o u r s .   A f t e r   c o n c e n t r a t e d   t h e   r e a c t i o n   m i x t u r e ,   b e n z e n e  

was  a d d e d   and   t h e   m i x t u r e   was   f u r t h e r   t r e a t e d   u n d e r   a  

r e d u c e d   p r e s s u r e .   The  r e s i d u e   t h u s   o b t a i n e d   was  d i s s o l v e d  

i n  5   ml  o f   m e t h a n o l ,   and   a  c a t a l y t i c   a m o u n t   of   s o d i u m  

h y d r o g e n   c a r b o n a t e   was  a d d e d   t h e r e t o ,   and   o x y g e n   g a s  

was  b l o w n   i n t o   t h e   r e a c t i o n   m i x t u r e .   2  H o u r s   l a t e r ,   t h e  

r e a c t i o n   m i x t u r e   was  f i l t e r e d ,   and  t h e   f i l t r a t e   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e .   The  r e s i d u e  

o b t a i n e d   was   t r e a t e d   by  m e a n s   o f   a  t h i n   l a y e r   c h r o m a t o -  

g r a p h y   ( a d s o r b e n t :   s i l i c a   g e l ,   m a n u f a c t u r e d   by  E.  M e r c k  

A.  G . ,   s i z e :   20  cm  x  20  cm,  t h i c k n e s s :   2  mm,  2  p l a t e s  

w e r e   u s e d ,   d e v e l o p p i n g   s o l v e n t :   30%  e t h y l   a c e t a t e - n -  

h e x a n e )   t o   o b t a i n   132  mg  of   2 , 2 ' - e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y -  

1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   o i l y   s u b s t a n c e .  



PMR,  6  p p m   (CDC13) :   2 . 6 0   (4H,  s ) ,   3 . 5 8   (6H,  s ) ,  

3 . 8 7   (6H,  s ) ,   5 . 6 2   (2H,  s ) .  

E x a m p l e   8 1  

355  M i l l i g r a m s   of   2 , 2 ' - t e t r a m e t h y l e n e b i s -  

[ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of   8  ml  of   i s o p r o p a n o l   w i t h  

4  ml  of   t e t r a h y d r o f u r a n ,   to   t h i s   s o l u t i o n   was  a d d e d  

1 . 2   ml  of   s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   10%  (by  w e i g h t /  

w e i g h t )   of  h y d r o g e n   c h l o r i d e   i n   a  m i x e d   s o l v e n t   of  t e t r a -  

h y d r o f u r a n - i s o p r o p a n o l   ( 1 : 1 ) ,   and  t h e   m i x t u r e   was  s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   12  h o u r s .   The  r e a c t i o n   m i x t u r e  

was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   to   t h e   r e s i d u e  

o b t a i n e d   was  a d d e d   b e n z e n e ,   and  f u r t h e r   c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   t h u s   o b t a i n e d   w a s  

d i s s o l v e d   i n   5  ml  of   m e t h a n o l ,   and   a  c a t a l y t i c   a m o u n t   o f  

s o d i u m   h y d r o g e n   c a r b o n a t e   was  a d d e d   t h e r e t o   and  o x y g e n  

g a s   was   b l o w n   t h e r e i n t o .   2  H o u r s   l a t e r ,   t h e  r e a c t i o n  

m i x t u r e   was  f i l t e r e d ,   and   t h e   f i l t r a t e   was  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   by  m e a n s   of   a  s i l i c a   g e l   c h r o m a t o g r a p h y   ( d i a m e t e r  

2  cm  x  l e n g t h   5  cm,  e l u e n t :   3 0 % - e t h y l   a c e t a t e - n - h e x a n e  

m i x e d   s o l v e n t ,   a d s o r b e n t :   " W a k o g e l   C - 2 0 0 " )   to   o b t a i n  

120  mg  of   2 , 2 ' - t e t r a m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y - l , 4 -  

b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 8 5  -   1 8 6 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 4 2   (4H,  m) ,   2 . 4 3   (4H,  t ) ,  



J = 7 . 6 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 3   (6H,  s ) ,   5 . 7 2  

(2H,  s )  

E x a m p l e   8 2  

484  M i l l i g r a m s   o f   2 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] e t h y l   3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p y l   e t h e r   was   d i s s o l v e d   i n  

a  m i x e d   s o l v e n t   o f   5  ml  of   t e t r a h y d r o f u r a n   w i t h  5   ml  o f  

i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n   was  a d d e d   1 . 0   ml  of   s o l u -  

t i o n   p r e p a r e d   by  d i s s o l v i n g   10%  (by  w e i g h t )   of   h y d r o g e n  

c h l o r i d e   i n   a  m i x t u r e   o f   t e t r a h y d r o f u r a n   w i t h   i s o p r o p a n o l  

( 1 : 1 ) ,   and  t h e   w h o l e   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r -  

a t u r e   f o r   14  h o u r s .   The  r e a c t i o n   m i x t u r e   was   c o n c e n t r a t e d ,  

a n d   b e n z e n e   was  a d d e d   t h e n   f u r t h e r   t r e a t e d   u n d e r   r e d u c e d  

p r e s s u r e   t o   c o n c e n t r a t e d .   T h e   r e s i d u e   o b t a i n e d   w a s  

d i s s o l v e d   i n   10  ml  o f   m e t h a n o l ,   and   a  c a t a l y t i c a l   a m o u n t  

o f   s o d i u m   h y d r o g e n   c a r b o n a t e   was  a d d e d   t h e r e t o   and  o x y g e n  

g a s   was  b l o w n   t h e r e i n t o .   The  p r e c i p i t a t e d   c r y s t a l s   w e r e  

d i s s o l v e d   by  a d d i n g   d i c h l o r o m e t h a n e   and   f i l t e r e d .   T h e  

f i l t r a t e   was  c o n c e n t r a t e d   and  t h e   r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   by  m e a n s   o f   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y ,  

( d i a m e t e r   2  cm  x  l e n g t h   5  c m ,  d e v e l o p p i n g   s o l v e n t :   10% 

e t h y l   a c e t a t e - d i c h l o r o m e t h a n e   s o l u t i o n ,   a d s o r b e n t :  

" W a k o g e l   C - 2 0 0 " ,   t o   o b t a i n   a  c r u d e   p r o d u c t ,   t h e n   r e c r y s t a l -  

l i z e d   f r o m   e t h a n o l   t o   o b t a i n   243  mg  of   2 - ( 3 , 6 - d i m e t h o x y -  

l , 4 - b e n z o q u i n o n - 2 - y l ) e t h y l   3 - ( 3 , 6 - d i m e t h o x y - l , 4 - b e n z o q u i n o n -  

2 - y l ) p r o p y l   e t h e r .   Y e l l o w   n e e d l e s   c r y s t a l s .  



M e l t i n g   p o i n t :   1 2 9  -   1 3 0 ° C .  

PMR,  δ  p p m   ( C D C l 3 ) :   1 . 8  -   1 . 5   (2H,  m),   2 . 4 8   (2H,  t ,  

J = 7 . 6 H z ) ,   2 . 7 3   (2H,  t ,   J = 7 . 2 H z ) ,   3 . 5  -   3 . 3  

(4H,  m) ,   3 . 8 0   (6H,  b r ,   s ) ,   4 . 0 6   (3H,  s ) ,   4 . 0 7  

(3H,  s ) ,   5 . 7 2   ( lH,   s ) ,   5 . 7 3   ( lH ,   s ) .  

E x a m p l e   83  

402  M i l l i g r a m s   o f   b i s { [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] m e t h y l }   e t h e r   was   d i s s o l v e d   i n   a  

m i x e d   s o l v e n t   of  4  ml  o f   t e t r a h y d r o f u r a n   w i t h   4  ml  o f  

i s o p r o p a n o l ,   t o   t h i s   s o l u t i o n   was  a d d e d   0 . 8   ml  of   s o l u t i o n  

p r e p a r e d   by  d i s s o l v i n g   10%  by  w e i g h t )   o f   h y d r o g e n   c h l o r i d e  

i n   a  m i x e d   s o l v e n t   of   t e t r a h y d r o f u r a n - i s o p r o p a n o l   ( 1 : 1 ) ,  

t h e n   t h e   w h o l e   m i x t u r e   was  h e a t e d   a t   40  t o   50°C  f o r   4 

h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d ,   t h e n   t o  

t h e   r e s i d u e   o b t a i n e d   was  a d d e d   b e n z e n e   and   f u r t h e r  

c o n c e n t r a t e d .   The  r e s i d u e   t h u s   o b t a i n e d   was  d i s s o l v e d   i n  

a c e t o n i t r i l e   and   a  c a t a l y t i c a l   a m o u n t   o f   c u p r o u s   c h l o r i d e ,  

t h e n   o x y g e n   gas   was  b l o w n   i n t o   t h e   s o l u t i o n .   I  H o u r  

l a t e r ,   t h e   s o l u t i o n   was  f i l t e r e d   and   t h e   f i l t r a t e   w a s  

c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   t h e n   t h e   r e s i d u e  

o b t a i n e d   was  t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y   ( d i a m e t e r   1 . 5   cm  x  l e n g t h   10  cm,  e l u e n t :  

20%  e t h y l   a c e t a t e - b e n z e n e ,   a d s o r b e n t :   " W a k o g e l   C - 2 0 0 " ) ,  

to   o b t a i n   82  mg  of   b i s   [ ( 3 , 6 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 2 -  

y l ) m e t h y l ]   e t h e r .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   3 . 4 8   (4H,  s ) ,   3 . 5 1   (6H,  s ) ,  



3 . 9 6   (6H,  s ) ,   5 . 8 0   (2H,  s ) .  

E x a m p l e   84 

169  M i l l i g r a m s   of   2 , 2 ' - t r i m e t h y l e n e b i s [ 1 , 4 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d  

in   2  ml  o f   t e t r a h y d r o f u r a n   and  2  ml  of   i s o p r o p a n o l ,   t h e n  

to   t h i s   s o l u t i o n   was  a d d e d   0 . 4   ml  of   a  t e t r a h y d r o f u r a n -  

i s o p r o p a n o l   ( 1 : 1 )   s o l u t i o n   c o n t a i n i n g   20%  (by  w e i g h t )   o f  

h y d r o g e n   c h l o r i d e ,   t h e n   t h e   m i x t u r e   was  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   1  day   u n d e r   a r g o n   gas   s t r e a m   c o n d i t i o n .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   t h e n   t h e   r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   20  m l  

o f  m e t h a n o l ,   and  a  s m a l l   a m o u n t   of   s o d i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d   t o   t h i s   s o l u t i o n ,   and  s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   30  m i n u t e s   w i t h   b l o w i n g  o x y g e n   g a s  

t h e r e i n t o .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n ,   t h e  

r e s u l t i n g   r e s i d u e   was  t r e a t e d   by  m e a n s   on  a  p r e p a r a t i v e  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s   1  mm,  a d s o r b e n t :  

s i l i c a   g e l ) ,   and   d e v e l o p p e d   w i t h   a  m i x e d   s o l v e n t   o f   e t h y l  

a c e t a t e - n - h e x a n e   ( 1 : 1 )   t o   o b t a i n   50  mg  of   c r u d e   p r o d u c t .  

The  c r u d e   p r o d u c t   was  r e c r y s t a l l i z e d   f r o m   e t h a n o l   t o  

o b t a i n   2 0 . 4   mg  of   2 , 2 ' - t r i m e t h y l e n e b i s ( 3 , 6 - d i m e t h o x y -  

1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   f i n e   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 5 7  -   1 5 9 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 5 4   (2H,  m) ,   2 . 4 7   (4H,  b r ,   t ,  

J = 7 . 6 H z ) ,   3 . 8 0   (6H,  s ) ,   4 . 0 6   (6H,  s ) ,   5 . 7 3  

(2H,  s ) .  



E x a m p l e   8 5  

2 5 9 . 7   M i l l i g r a m s   o f   b i s { 3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p y l }   d i s u l f i d e   was  d i s s o l v e d  

in   a  m i x e d   s o l v e n t   of  4  ml  of   t e t r a h y d r o f u r a n   w i t h   4  m l  

of  i s o p r o p a n o l .   The  g a s   p h a s e   in   t h e   r e a c t i o n   v e s s e l  

was  r e p l a c e d   w i t h   a r g o n   g a s   t h r e e   t i m e s   u n d e r   r e d u c e d  

p r e s s u r e   d e a e r a t i o n .   1  M i l l i l i t e r   of  t e t r a h y d r o f u r a n -  

i s o p r o p a n o l   s o l u t i o n   c o n t a i n i n g   20%  (by  w e i g h t )   o f  

h y d r o g e n   c h l o r i d e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   a n d  

t h e   r e a c t i o n   m i x t u r e   was  h e a t e d   a t   70°C  w i t h   s t i r r i n g ,  

t h e   r e a c t i o n   was  c o m p l e t e d   i n   a b o u t   1  h o u r .   The  s o l v e n t  

was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e n  

5  ml  of   b e n z e n e   was  a d d e d   t o   t h e   r e s i d u e ,   t h i s   m i x t u r e  

was  f u r t h e r   t r e a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o   o b t a i n  

l i g h t   b r a w n  o i l y   s u b s t a n c e .   The  c r u d e   s u b s t a n c e   w a s  

d i s s o l v e d   i n   10  ml  of  m e t h a n o l   w i t h o u t   b e i n g   p u r i f i e d ,  

and  t o   t h i s   s o l u t i o n   a  s m a l l   a m o u n t   of  s o d i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d ,   and   o x y g e n   gas   was  b u b b l e d   t h e r e i n t o  

a t   room  t e m p e r a t u r e   f o r   a b o u t   2  h o u r s .   The  s o l v e n t   w a s  

r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e  

o b t a i n e d   was  t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l   p r e p a r a t i v e  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :   1 mm,  d e v e l o p i n g  

s o l v e n t :   50%  e t h y l   a c e t a t e - b e n z e n e )   to  o b t a i n  4 5 . 0   mg  o f  

b i s [ 3 - ( 3 , 6 - d i m e t h o x y - l , 4 - b e n z o q u i n o n - 2 - y l ) p r o p y l ]   d i s u l f i d e .  

Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 8 1   (6H,  m),   2 . 5 5   (6H,  t ,  

J = 7 . 6 H z ) ,   2 . 6 9   (6H,  t ,   J = 7 . 2 H z ) ,   3 . 8 1   (6H,  s ) ,  



4 . 0 9   (6H,  s ) ,   5 . 7 4   (2H,  s )  .  

H igh   r e s o l u t i o n   m a s s   s p e c t r o m e t r y   ( f o r   C 2 2 H 2 6 O 8 S 2 ) :  

C a l c u l a t e d   ( m / z ) :   4 8 2 . 1 0 6 9  

F o u n d   ( m / z ) :   4 8 2 . 1 0 9 6  

E x a m p l e   86 

1 1 8 . 0   M i l l i g r a m s   ( 0 . 1 7   mmole )   o f   b i s { 5 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l }   s u l f i d e  

was   d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of   1  ml  o f   t e t r a h y d r o -  

f u r a n  -   1  ml  of   i s o p r o p a n o l .   The  g a s   p h a s e   i n   t h e  

r e a c t i o n   v e s s e l   was   r e p l a c e d   t h r e e   t i m e s   w i t h   a r g o n   g a s  

u n d e r   r e d u c e d   p r e s s u r e   d e a e r a t i o n .   0 . 2   M i l l i l i t e r s   o f  

t e t r a h y d r o f u r a n - i s o p r o p a n o l   s o l u t i o n   c o n t a i n i n g   20%  ( b y  

w e i g h t )   o f   h y d r o g e n   c h l o r i d e   was  a d d e d   t o   t h e   r e a c t i o n  

v e s s e l ,   and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   1  h o u r ,   t h e n   t h e   t e m p e r a t u r e   was  e l e v a t e d  

t o   7 0 ° C ,   and  t h e   r e a c t i o n   was  c o m p l e t e d   i n   an  h o u r .   T h e  

s o l v e n t   was  r e m o v e d   b y  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u f e ,  

t h e n   2  ml  of   b e n z e n e   was   a d d e d   t o   t h e   r e s i d u e ,   t h i s  

m i x t u r e   was  f u r t h e r   t r e a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o  

o b t a i n   l i g h t   b r a w n   o i l y   p r o d u c t .   T h i s   p r o d u c t   w a s  

d i s s o l v e d   i n   5  ml  o f   m e t h a n o l   w i t h o u t   p u r i f i e d ,   t h e n  

t h i s   s o l u t i o n   was   h e a t e d   to   4 0 ° C ,   a  s m a l l   a m o u n t   o f  

s o d i u m   h y d r o g e n   c a r b o n a t e   was  a d d e d   t h e r e t o ,   and  o x y g e n  

gas   was  b u b b l e d   t h e r e i n ,   and  t h e   r e a c t i o n   was  c o m p l e t e d  

i n   a b o u t   1  h o u r .   The   s o l v e n t   was  r e m o v e d   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was   t r e a t e d   by  m e a n s  



of  a  s i l i c a   g e l   p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y  

( t h i c k n e s s :   1  mm,  d e v e l o p i n g   s o l v e n t :   50%  e t h y l   a c e t a t e -  

n - h e x a n e )   t o   o b t a i n   6 0 . 5   mg  of   b i s [ 5 - ( 3 , 6 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 2 - y l ) p e n t y l ]   s u l f i d e .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 3  -   1 .9   (12H,  m),   2 . 3  -   2 . 6  

(8H,  m),   3 . 8 0   (6H,  s ) ,   4 . 0 6   (6H,  s ) ,   5 . 6 8  

(2H,  s ) .  

E x a m p l e   87  

F o l l o w i n g   t h e   e l u t i o n   o f   2 , 2 ' - m e t h y l e n e b i s -  

( 3 , 6 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e )   c a r r i e d   o u t   t h e   s i l i c a  

g e l   c o l u m n   c h r o m a t o g r a p h y   i n   E x a m p l e   79,   t h e   r e m a i n i n g  

f r a c t i o n   was  f u r t h e r   e l u t e d   and   c o n c e n t r a t e d .   T h e  

r e s i d u e   was  c r y s t a l l i z e d   f r o m   e t h a n o l   to   o b t a i n   150  mg 

of  2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o - 3 -  

y l m e t h y l ) - 1 , 4 - b e n z o q u i n o n e .   Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   2 1 9  -   2 1 9 . 5 ° C .  

PMR,  δ  ppm  (CDC13) :   3 . 5 6   (4H,  s ) ,   3 . 8 1   (6H,  s ) ,  

3 . 9 7   (6H,  s ) ,   4 . 0 3   (6H,  s ) ,   5 . 7 4   (2H,  s ) .  

E x a m p l e   88  

F o l l o w i n g   t h e  e l u t i o n   of  2 , 2 ' - p e n t a m e t h y l e n e b i s -  

[ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   c a r r i e d  

o u t   i n   t h e   s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   i n   E x a m p l e   3 8 ,  

t h e   r e m a i n i n g   f r a c t i o n   was  f u r t h e r   e l u t e d   w i t h   a  m i x e d  

s o l v e n t   of   e t h y l   a c e t a t e :   n - h e x a n e   ( =  3 : 7 )   t o   o b t a i n  



35  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 , 6 -  

b i s { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

p e n t y l } b e n z e n e .   C o l o r l e s s   s o l i d   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 4  -   1 . 7   (12H,   m),   2 . 5  -   2 . 8  

(8H,  m) ,   3 . 5 3   (6H,  s ) ,   3 . 5 7   (12H,   s ) ,   3 . 7 6  

(6H,  s ) ,   3 . 7 9   (12H,  s ) ,   5 . 0 2   (4H,  s ) ,   5 . 0 4  

(4H,  s ) ,   5 . 2 3   (4H,  s ) ,  6 . 6 5   (2H,  s ) .  

E x a m p l e   8 9  

By  a  m e t h o d   s i m i l a r   to   t h a t   d e s c r i b e d   i n   E x a m p l e  

81,   500  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 , 6 -  

b i s { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } .  

b e n z e n e   was  t r e a t e d   f o r   r e m o v a l   o f   m e t h o x y m e t h y l   g r o u p  

and   was  o x i d i z e d ,   t h e n   t h e   r e a c t i o n   p r o d u c t   was  p u r i f i e d  

by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d e v e l o p i n g  s o l v e n t :  

5%  e t h y l   a c e t a t e - d i c h l o r o m e t h a n e   m i x t u r e )   and  c r y s t a l l i z e d  

f r o m   e t h a n o l   t o   o b t a i n   150  mg  of   2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s [ 5 - ( 2 , 5 - d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 -  

b e n z o q u i n o n e .   O r a n g e   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   1 3 4  -   1 3 5 ° C .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 3  -   15 .   (12H,   m),   2 . 3  -   2 . 5  

(8H,  m ) ,   3 . 8 1   (6H,  s ) ,   3 . 9 9   (6H,  s ) ,   4 . 2 0  

(6H,  s ) ,   5 . 7 3   (2H,  s ) .  

E x a m p l e   9 0  

50  M i l l i g r a m s   of   2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 -  



d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e )   was  d i s s o l v e d   i n   5  ml  o f  

s o l v e n t   of  m e t h a n o l - t e t r a h y d r o f u r a n   ( 3 : 2 ) ,   to   t h i s   s o l u t i o n  

was  a d d e d   1  m i l l i l i t e r   of   6 N - h y d r o c h l o r i c   a c i d   and  t h e  

m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   4  h o u r s .  

N e x t ,   t h e   r e a c t i o n   m i x t u r e   was  d i l u t e d   w i t h   30  ml  o f  

w a t e r ,   and  e x t r a c t e d   t h r e e   t i m e s   w i t h   15  ml  of   d i e t h y l  

e t h e r .   The  d i e t h y l   e t h e r   l a y e r s   w e r e   c o m b i n e d   t o g e t h e r ,  

w a s h e d   w i t h   w a t e r ,   t h e n   w a s h e d   w i t h   a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   d e h y d r a t e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e .   T h i s   d r i e d   e x t r a c t   was  c o n c e n t r a t e d  

by  e v a p o r a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   and   t h e   r e s i d u e  

o b t a i n e d   was  p u r i f i e d   b y  m e a n s   o f   a  c o l u m n   c h r o m a t o g r a p h y  

[ a d s o r b e n t :   " T o y o p e a r l   HW40"  m a n u f a c t u r e d   by  Toyo  S o d a  

M a n u f a c t u r i n g   C o . ,   L t d . ,   T o k y o ,   J a p a n ,   d e v e l o p i n g  

s o l v e n t :   c h l o r o f o r m - m e t h a n o l   ( 1 : 1 ) ] ,   to   o b t a i n   5  mg  o f  

2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 - h y d r o x y - 5 - m e t h o x y - l , 4 - b e n z o q u i n o n e ) .  

O r a n g e   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   1 . 4 8   (6H,  m) ,   2 . 4 3   (4H,  t ,  

J = 7 . O H z ) ,   3 . 8 5   (6H,  s ) ,   5 . 8 3   (2H,  s ) ,   7 . 2 2  

(2H,  s ) .  

E x a m p l e   9 1  

500  M i l l i g r a m s   of   2 , 2 ' - p e n t a m e t h y l e n e b i s ( 1 , 4 -  

d i h y d r o x y - 3 , 6 - d i m e t h o x y b e n z e n e )   was  s u s p e n d e d   i n   40  m l  

of   d e a e r a t e d   d i c h l o r o m e t h a n e   u n d e r   a r g o n   g a s   s t r e a m  

c o n d i t i o n s ,   t o   t h i s   s u s p e n s i o n   was  a d d e d   0 . 3 0 8   ml  o f  

a c e t y l   c h l o r i d e   u n d e r   i c e - c o o l i n g   c o n d i t i o n s .   N e x t ,  



0 . 5 2 8   ml  of   d i i s o p r o p y l e t h y l a m i n e   was  a d d e d   t h e r e t o  

w i t h   s t i r r i n g ,   t h e   t e m p e r a t u r e  o f   t h e   r e a c t i o n   m i x t u r e  

was  b a c k e d   to   room  t e m p e r a t u r e   by  t a k i n g   f o r   14  h o u r s .  

The  r e a c t i o n   m i x t u r e   was  p o u r e d   i n t o   i c e - w a t e r ,   and   t h e  

d i c h l o r o m e t h a n e   l a y e r   was  w a s h e d   w i t h   w a t e r   t h e n  

c o n c e n t r a t e d .   The  r e s i d u e   o b t a i n e d   was  p u r i f i e d   b y  

m e a n s   of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( e l u e n t :  

e t h y l   a c e t a t e - b e n z e n e   =  1 : 4 )   t o   o b t a i n   444  mg  of   2 , 2 ' -  

p e n t a m e t h y l e n e b i s ( 1 , 4 - d i a c e t o x y - 3 , 6 - d i m e t h o x y b e n z e n e ) .  

C o l o r l e s s   n e e d l e - l i k e   c y r s t a l s .  

M e l t i n g   p o i n t :   9 4 . 5  -   9 5 . 0 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 3  -   1 . 6   (6H,  m),   2 . 2 7   ( 6 H ,  

s ) ,   2 . 3 0  ( 6 H ,   s ) ,   2 . 4  -   2 . 6   (4H,  m) ,   3 . 7 3  

(12H,   s ) ,   6 . 5 4   (2H,  s ) .  

E x a m p l e   9 2  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   38,   e x c e p t   t h a t   202  mg  of   1 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] n o n - 4 - y n e   and   322  mg  o f  

1 - ( 5 - b r o m o p e n t y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e   w e r e   u s e d   i n   p l a c e   o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e   and   d i b r o m o p e n t a n e   t h e r e   w a s  

o b t a i n e d   160  mg  o f   l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

6 - ( 4 - n o n y n y l ) - 3 - ( 5 - ( 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] p e n t y l } b e n z e n e .   P o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   0 . 9 0   (3H,  t ,   J - 7 . l H z ) ,   1 . 3 5  -   1 .  



(4H,  m),   1 . 5 5  -   1 . 6 7   (6H,  m),   1 . 6 7  -   1 . 8 4  

(2H,  m),   2 . 1 5   (2H,  t t ,   J = 7 . 1 2 ,   2 . 4 H z ) ,   2 . 2 3   ( 2 H ,  

t t ,   J = 7 . 1 2 ,   2 . 4 H z ) ,   2 . 6 2   (2H,  t ,   J = 7 . l H z ) ,  

2 . 6 9   (2H,  t ,   J = 7 . 8 H z ) ,   2 . 70   (2H,  t ,   J = 7 . 8  H z ) ,  

3 . 5 3   (3H,  s ) ,   3 . 5 6 8   (3H,  s ) ,   3 . 5 7 2   (3H,  s ) ,  

3 . 5 9   (3H,  s ) ,   3 . 7 5   (3H,  s ) ,   3 . 76   (3H,  s ) ,  

3 . 7 8 8   (3H,  s ) ,   3 . 7 9 0   (3H,  s ) ,   4 . 9 8   (2H,  s ) ,  

4 . 9 9   (2H,  s ) ,   5 . 0 8   (4H,  s ) ,   6 . 6 4   (1H,  s ) .  

E x a m p l e   9 3  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

in   E x a m p l e   81 ,   e x c e p t   t h a t ,   150  mg  of  1 , 4 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 6 - ( 4 - n o n y n y l ) - 3 - { 5 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  t r e a t e d  

f o r   r e m o v a l   o f   m e t h o x y m e t h y l   g r o u p   and  was  o x i d i z e d ,   t h e r e  

was  o b t a i n e d   72  mf  og  2 , 5 - d i m e t h o x y - 3 - ( 4 - n o n y n y l ) - 6 -  

[ 5 - ( 2 , 5 - d i m e t h o x y - l , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 -  

b e n z o q u i n o n e .   O r a n g e   p o w d e r y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   0 . 9 0   (3H,  t ,   J = 6 . 8 H z ) ,   1 . 2  -  

1 . 8   (12H,  m),   2 . 1  -   2 . 3   (4H,  m) ,   2 . 3  -   2 . 6  

(6H,  m) ,   4 . 0 1   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   4 . 0 6  

(6H,  s ) ,   5 . 7 3   ( lH ,   s ) .  

E x a m p l e   94  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

in   E x a m p l e   76 ,   e x c e p t   t h a t  6 0 8   mg  of  1 - [ 2 , 5 - d i m e t h o x y  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] n o n - 4 - y n e   was  u s e d   i n  



p l a c e   o f   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ,  

t h e r e   was   o b t a i n e d   522  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s -  

( m e t h o x y m e t h o x y ) - 6 - ( n o n y n y l ) - 3 - { 3 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p y l } b e n z e n e .   C o l o r l e s s  

p o w d e r y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 4  -  

1 . 5   (4H,  m) ,   1 . 6  -   1 . 9   (4H,  m) ,   2 . 1  -   2 . 3  

(4H,  m),   2 . 6  -   2 . 9   (6H,  m) ,   3 . 5 2   (3H,  s ) ,  

3 . 5 6   (3H,  s)  ,   3 . 5 7   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,  

3 . 7 5 0   (3H,  s ) ,   3 . 7 5 2   (3H,  s ) ,   3 . 7 7   (3H,  s ) ,  

3 . 7 8   (3H,  s ) ,   4 . 9 9   (2H,  s ) ,   5 . 0 2   (2H,  s ) ,  

5 . 0 3   (2H,  s ) ,   5 . 1 6   (2H,  s ) ,   6 . 6 3   ( l H ,   s )  .  

E x a m p l e   9 5  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

i n   E x a m p l e   81,   e x c e p t   t h a t   523  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - ( 4 - n o n y n y l ) - 3 - { 3 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p r o p y l } b e n z e n e   was   t r e a t e d  

f o r   r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   and  was  o x i d i z e d   t o  

o b t a i n   108  mg  of   2 , 5 - d i m e t h o x y - 3 - ( 4 - n o n y n y l ) - 6 - [ 3 - ( 2 , 5 -  

d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) p r o p y l ] - 1 , 4 - b e n z o q u i n o n e .  

O r a n g e   p o w d e r y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 3  -  

2 .0   (8H,  m) ,   2 . 0  -   2 . 3   (4H,  m) ,   2 . 3  -   2 . 6  

(6H,  m) ,   3 . 8 0   (3H,  s ) ,   4 . 0 0   (6H,  s ) ,   4 . 0 6   ( 3 H ,  

s ) ,   5 . 7 2   (1H,  s ) .  



E x a m p l e   96  

10  Grams  of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   in   200  ml  of  a n h y d r o u s  

t o l u e n e   u n d e r   a r g o n   gas   s t r e a m   c o n d i t i o n s ,   to   t h i s  

s o l u t i o n   w e r e   a d d e d   50  ml  of  h e x a m e t h y l p h o s p h o r i c  

t r i a m i d e   and  8 . 7 5   ml  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e -  

d i a m i n e   (TMEDA),  and  t h e   m i x t u r e   was  c o o l e d   i n   a  d r y  

i c e - a c e t o n e   m i x t u r e   b a t h .   To  t h i s   c o o l e d   m i x t u r e   w a s  

a d d e d   d r o p w i s e   39  ml  of   n - b u t y l l i t h i u m   ( 1 . 5   M,  n - h e x a n e  

s o l u t i o n ) ,   t h e n   s t i r r e d   t h e   m i x t u r e   f o r   30  m i n u t e s .  

N e x t ,   8 .9   ml  of  1 - i o d o b u t a n e   was  a d d e d   to   t h e   r e a c t i o n  

m i x t u r e ,   and   t h e   t e m p e r a t u r e   was  b a c k   to   room  t e m p e r a t u r e  

by  t a k i n g   f o r   12  h o u r s .   By  p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   R e f e r e n c e   E x a m p l e   1,  t h e   a b o v e - m e n t i o n e d  

r e a c t i o n   m i x t u r e   was  p u r i f i e d   t o   o b t a i n   8 .5   g  of   3 - b u t y l -  

l , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e .   C o l o r l e s s  

o i l y   s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   0 . 9 3   (3H,  t ,   J = 7 . 3 H z ) ,   1 . 3  -  

1 . 6   (4H,  m),   2 . 6 7   (2H,  t ,   J = 7 . 3 H z ) ,   3 . 5 3   ( 3 H ,  

s ) ,   3 . 5 9   (3H,  s ) ,   3 . 7 9   (6H,  s ) ,   5 . 0 2   (2H,  s ) ,  

5 . 1 7   (2H,  s ) ,   6 . 6 4   ( lH ,   s ) .  

E x a m p l e   9 7  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

in   E x a m p l e   38,   e x c e p t   t h a t   5  g  of  3 - b u t y l - l , 4 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e   was  u s e d   i n   p l a c e   of   1 , 4 -  

d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ,   t h e r e   w a s  



o b t a i n e d   6 . 1   g  of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

p h e n y l ] p e n t y l } b e n z e n e .   C o l o r l e s s   s o l i d   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   0 . 9 4   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 3  -  

1 . 7   (10H,  m) ,   2 . 6  -   2 . 7 5   (6H,  m) ,   3 . 5 3   (3H,  s ) ,  

3 . 5 7   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 5 9   (3H,  s ) ,  

3 . 7 5   (3H,  s ) ,   3 . 7 6   (3H,  s ) ,   3 . 7 9   (6H,  s ) ,  

5 . 0 2   (2H,  s ) ,   5 . 0 5   (4H,   s ) ,   5 . 1 7   (2H,  s ) ,  

6 . 6 4   ( lH ,   s ) .  

E x a m p l e   9 8  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

in   E x a m p l e   81,   e x c e p t   t h a t ,   1  g  o f   1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  t r e a t e d   f o r  

r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   and   was  o x i d i z e d   t o   o b t a i n  

200  mg  of   2 , 5 - d i m e t h o x y - 3 - b u t y l - 6 - [ 5 - ( 2 , 5 - d i m e t h o x y -  

1 , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .   O r a n g e  

p o w d e r y   s u b s t a n c e .  

P M R ,  δ   ppm  (CDC13) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 3  -  

1 . 5   (10H,  m),   2 . 3  -   2 . 5   (6H,  m) ,   3 . 8 1   (3H,  s ) ,  

3 . 9 9   (6H,  s ) ,   4 . 0 6   ( 3 H ,   s ) ,   5 . 7 3   ( lH ,   s ) .  

E x a m p l e   9 9  

U n d e r   a r g o n   g a s   s t r e a m   c o n d i t i o n s   2  g  o f   1 , 4 -  

d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e  



was  d i s s o l v e d   in   50  ml  of  a  m i x e d   s o l v e n t   of  a n h y d r o u s  

t o l u e n e - t e t r a h y d r o f u r a n   ( 4 : 1 ) ,  t o   t h i s   s o l u t i o n   w e r e  

a d d e d   10  ml  of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   and  0 . 9 4   m l  

of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ,   t h e n   t h e   w h o l e  

m i x t u r e   was  c o o l e d   on  a  d ry   i c e - a c e t o n e   b a t h .   4  M i l l i l i t e r  

o f   n - b u t y l l i t h i u m   ( 1 . 5   M,  n - h e x a n e   s o l u t i o n )   was  a d d e d  

d r o p w i s e   to   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   30  m i n u t e s .  

N e x t ,   o x y g e n   gas   was  b u b b l e d   i n t o   t h e   r e a c t i o n   m i x t u r e  

f o r   30  m i n u t e s ,   t h e n   t h e   t e m p e r a t u r e   of   t h e   r e a c t i o n  

m i x t u r e   was  r e t u r n e d   b a c k   to   room  t e m p e r a t u r e   by  t a k i n g  

f o r   4  h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d ,   t o  

t h e   r e s i d u e   o b t a i n e d   was  a d d e d   100  ml  of   e t h y l   a c e t a t e ,  

t h e n   t h e   e t h y l   a c e t a t e   l a y e r   was  w a s h e d   t w i c e   w i t h  3 0   m l  

of   a  s a t u r a t e d   s o d i u m   b i s u l f i t e   a q u e o u s   s o l u t i o n ,   o n c e  

w i t h   30  m l  o f   w a t e r ,   f u r t h e r   w a s h e d   o n c e   w i t h   30  ml  o f  

a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .   The  e t h y l  

a c e t a t e   l a y e r   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e ,  

and  c o n c e n t r a t e d ,   t h e n   t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d  

by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( e l u e n t :   e t h y l  

a c e t a t e - n - h e x a n e =   1 : 9 )   to   o b t a i n   1 . 3   g  o f   1 , 4 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) - 4 - h y d r o x y p h e n y l ] p e n t y l ) b e n z e n e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C l 3 ) :   0 . 9 3   (3H,  t ,   J = 6 . 5 H Z ) ,   1 . 3  -  

1 . 7   (10H,  m),   2 . 5  -   2 . 7   (6H,  m),   3 . 5 6   (6H,  s ) ,  

3 . 5 7   (3H,  s ) ,   3 . 5 8   (3H,  s ) ,   3 . 7 6   (6H,  s ) ,  

3 . 7 9   (3H,  s ) ,   3 . 8 3   (3H,  s ) ,   5 . 0 3   (4H,  s ) ,  



5 . 0 6   (2H,  s ) ,   5 . 0 8   (2H,  s ) ,   6 . 2 4   ( lH ,   s ) .  

E x a m p l e   1 0 0  

1 . 3   Grams   of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) -  

6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 -  

h y d r o x y p h e n y l ] p e n t y l ) b e n z e n e   was  d i s s o l v e d   i n   50  ml  o f  

m e t h a n o l ,   t o   t h i s   s o l u t i o n   was  a d d e d   an  e x c e s s   a m o u n t   o f  

d i a z o m e t h a n e - e t h e r   s o l u t i o n   was  a d d e d   and   t h e   r e a c t i o n  

m i x t u r e   was   s t i r r e d   f o r   3  h o u r s .   The  r e a c t i o n   m i x t u r e  

was  c o n c e n t r a t e d   t o   o b t a i n   1 . 3   g  o f   l , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 4 , 5 - t r i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e .   C o l o r l e s s   o i l y  

s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   0 . 9 3  ( 3 H ,   t ,   J = 6 . 6 H z ) ,   1 . 3  -  

1 . 6   (10H,   m) ,   2 . 5  -   2 . 7   (6H,  m) ,   3 . 5 6   (6H,  s ) ,  

3 . 5 8   (3H,  s ) ,   3 . 6 2   (3H,  s ) ,   3 . 7 6   (6H,  s ) ,   3 . 8 1  

(3H,  s ) ,   3 . 8 2   (3H,  s ) ,   3 . 9 0   (3H,  s ) ,   5 . 0 5  

(4H,  s ) ,   5 . 0 6   (2H,  s ) ,   5 . 1 0   (2H,  s ) .  

E x a m p l e   1 0 1  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   81 ,   e x c e p t   t h a t   1 . 3   g  of   1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 4 , 5 - t r i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  t r e a t e d  

f o r   r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   and   was   o x i d i z e d ,  

t h e r e   was   o b t a i n e d   600  mg  of   2 , 5 - d i m e t h o x y - 3 - b u t y l - 6 -  

[ 5 - ( 2 , 3 , 5 - t r i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 6 - y l ) p e n t y l ] - 1 , 4 -  

b e n z o q u i n o n e .   Red  p o w d e r   s u b s t a n c e .  



PMR,  δ  ppm  (CDC13) :   0 . 9 3   (3H,  t ,   J = 6 . 5 H z ) ,   1 . 3  -  

1 . 5   (10H,  m),   2 . 3  -   2 . 5   (6H,  m),   3 . 9 7   (3H,  s ) ,  

3 . 9 9   (9H,  s ) ,   4 . 0 2   (3H,  s ) .  

E x a m p l e   1 0 2  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

in   E x a m p l e   99 ,   e x c e p t   t h a t   1  g  of   l , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  r e a c t e d   w i t h  

0 . 3   ml  of   e t h y l   c h l o r o f o r m a t e   i n   p l a c e   of   o x y g e n   g a s ,  

t h e r e   was  o b t a i n e d   1 . 3   g  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( e t h o x y c a r b o n y l ) p h e n y l ] p e n t y l } b e n z e n e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   0 . 9 5   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 4 0  

(3H,  t ,   J = 7 . 0 H z ) ,   1 . 4  -   1 . 7   (10H,  m),   2 . 5  -   2 . 7  

(6H,  m),   3 . 5 3   (3H,  s ) ,   3 . 5 7   (3H,  s ) ,   3 . 5 8  

(3H,  s ) ,   3 . 5 9   (6H,  s ) ,   3 . 7 9   (6H,  s ) ,   3 . 8 0   ( 3 H ,  

s ) ,   3 . 8 3   (3H,  s ) ,   4 . 4 0   (2H,  q ,   J = 7 . 0 H z ) ,   5 . 0 5  

(2H,  s ) ,   5 . 0 6   (2H,  s ) ,   5 . 0 7   (2H,  s ) ,   5 . 0 9  

(2H,  s ) .  

E x a m p l e   1 0 3  

By  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d  

in   E x a m p l e   99 ,   e x c e p t   t h a t   2  g  of   1 , 1 ' - p e n t a m e t h y l e n e b i s -  

[ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

o x i d i z e d   i n   p l a c e   of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  



m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e ,  a n d   t h e   r e a c t i o n   p r o d u c t  

was  p u r i f i e d   by  a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y ,   t h e r e  

w e r e   o b t a i n e d   250  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 6 - h y d r o x y - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) p h e n y l ] p e n t y l ] b e n z e n e   and   80  mg  of   1 , 1 ' -  

p e n t a m e t h y l e n e b i s [ 2 , 5 - d i m e t h o x y - 4 - h y d r o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

The  f o r m e r   c o m p o u n d :  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 4  -   1 . 7   (6H,  m) ,   2 . 5  -   2 . 7  

(4H,  m) ,   3 . 5 3   (3H,  s ) ,   3 . 5 5   (3H,  s ) ,   3 . 5 7 4  

(3H,  s ) ,   3 . 5 7 8   (3H,  s ) ,   3 . 6 0   (3H,  s ) ,   3 . 7 8  

(3H,  s ) ,   3 . 7 9   (3H,  s ) ,   3 . 8 5   (3H,  s ) ,   5 . 0 2   ( 2 H ,  

s ) ,   5 . 0 7   (2H,  s ) ,   5 . 1 0   (2H,  s ) ,   5 . 1 7   (2H,  s ) ,  

6 . 2 4   ( lH ,   s ) ,   6 . 6 4   ( l H ,   s ) .  

The  l a t t e r   c o m p o u n d :  

PMR,  6  p p m   (CDC13) :   1 . 4  -   1 . 7   (6H,  m) ,   2 . 5  -   2 . 7  

(4H,  m) ,   3 . 5 7   (6H,  s ) ,   3 . 6 0   (6H,  s ) ,   3 . 7 9  

(6H,  s ) ,   3 . 8 5   (6H,  s ) ,   5 . 0 8   (4H,  s ) ,   5 . 1 0  

(4H,  s ) ,   6 . 2 5   (2H,  s ) .  

E x a m p l e   1 0 4  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   1 0 0 ,   e x c e p t   t h a t   i n   p l a c e   o f   1 , 4 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) - 4 - h y d r o x y p h e n y l ] p e n t y l } b e n z e n e ,  

250  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 6 - h y d r o x y -  



3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } -  

b e n z e n e   was  m e t h y l a t e d ,   t h e r e   was  p r e p a r e d   250  mg  o f  

2 , 4 , 5 - t r i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 1 - { 5 - [ 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e .  

C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 4  -   1 .7   (6H,  m) ,   2 . 7  -   2 . 8  

(4H,  m) ,   3 . 5 3   (3H,  s ) ,   3 . 5 8   (6H,  s ) ,   3 . 6 1  

(3H,  s ) , ,  3 . 7 9 1   (3H,  s ) ,   3 . 7 9 5   (3H,  s ) ,   3 . 8 1  

(3H,  s ) ,   3 . 8 3   (3H,  s ) ,   3 . 9 0   (3H,  s ) ,   5 . 0 2  

(2H,  s ) ,   5 . 0 8   (2H,  s ) ,   5 . 0 9   (2H,  s ) ,   5 . 1 8  

(2H,  s ) ,   6 . 6 5   ( lH ,   s ) .  

E x a m p l e   1 0 5  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   100 ,   e x c e p t   t h a t   80  mg  of   1 , 1 ' - p e n t a m e t h y l e n e -  

b i s [ 2 , 5 - d i m e t h o x y - 4 - h y d r o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) -  

b e n z e n e ]   was  u s e d ,   t h e r e   was  p r e p a r e d   80  mg  of  1 , 1 ' -  

p e n t a m e t h y l e n e b i s [ 2 , 4 , 5 - t r i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e ] .   C o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 4  -   1 . 7   (6H,  m) ,   2 . 5  -   2 . 7  

(4H,  m),   3 . 5 7   (6H,  s ) ,   3 . 6 0   (6H,  s ) ,   3 . 8 2  

(6H,  s ) ,   3 . 8 3   (6H,  s ) ,   3 . 9 0   (6H,  s ) ,   5 . 0 7  

(4H,  s ) ,   5 . 0 9   (4H,  s ) .  

E x a m p l e   1 0 6  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   81,  e x c e p t   t h a t   250  mg  of  2 , 4 , 5 - t r i m e t h o x y -  



3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 1 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   was  t r e a t e d   f o r  

t h e   r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   and  was  o x i d i z e d ,  

t h e r e   was  p r e p a r e d   50  mg  of  2 , 3 , 5 - t r i m e t h o x y - 6 - [ 5 - ( 2 , 5 -  

d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .  

Y e l l o w   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   6 9  -   7 0 ° C .  

PMR,  δ  ppm  ( C D C 1 3 ) :   1 . 3  -   1 . 7   (6H,  m) ,   2 . 3  -   2 . 5  

(4H,  m) ,   3 . 8 1   (3H,  s ) ,   3 . 9 7   (3H,  s ) ,   3 . 9 9  

(3H,  s ) ,   4 . 0 2   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   5 . 7 3  

( lH ,   s ) .  

E x a m p l e   1 0 7  

By  u s i n g   p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d  

i n   E x a m p l e   81 ,   e x c e p t   t h a t   80  mg  of   1 , 1 ' - p e n t a m e t h y l e n e -  

b i s [ 2 , 4 , 5 - t r i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

t r e a t e d   f o r   t h e   r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   and  w a s  .  

o x i d i z e d ,   t h e r e   was  p r e p a r e d   10  mg  of   2 , 2 ' - p e n t a m e t h y l e n e -  

b i s ( 3 , 5 , 6 - t r i m e t h o x y - 1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   n e e d l e s .  

M e l t i n g   p o i n t :   1 0 8  -   1 0 9 ° C .  

PMR,  6  ppm  ( C D C l 3 ) :   1 . 3  -   1 . 6   (6H,  m) ,   2 . 3  -   2 . 5  

(4H,  m) ,   3 . 9 7   (6H,  s ) ,   3 . 9 9   (6H,  s ) ,   4 . 0 2  

(6H,  s ) .  

E x a m p l e   1 0 8  

1 . 5 1   Grams  of   2 , 2 1 - p e n t a m e t h y l e n e b i s [ 1 , 4 -  



d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d  

in  a  m i x e d   s o l v e n t   of  40  ml  o f  t e t r a h y d r o f u r a n   w i t h   4  m l  

of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   to   t h i s   s o l u t i o n   w a s  

a d d e d   0 . 5 5   ml  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e  

and  t h e   w h o l e   m i x t u r e   was  c o o l e d   to   - 7 8 ° C ,   on  a  d r y   i c e -  

a c e t o n e   b a t h .   T h e n ,   2 . 4 1   ml  of  n - b u t y l l i t h i u m   (1 .6   M, 

n - h e x a n e   s o l u t i o n )   was  a d d e d   d r o p w i s e   to   t h e   r e a c t i o n  

m i x t u r e   and   s t i r r e d   f o r   30  m i n u t e s .   N e x t ,   0 . 2 5   ml  o f  

d i m e t h y l   s u l f i d e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e   a n d  

s t i r r e d   o v e r n i g h t .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e n   t h e   r e s i d u e   o b t a i n e d   w a s  

e x t r a c t e d   t w i c e   w i t h   100  m l  o f   e t h y l   a c e t a t e ,   t h e n   t h e  

e t h y l   a c e t a t e   l a y e r   was  w a s h e d   t w i c e   w i t h   100  ml  o f  

w a t e r ,   and   t w i c e   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  m e a n s  

of  a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :  

2  mm,  a d s o r b e n t :   M e r c k   A r t   5717  s i l i c a   g e l ,   d e v e l o p i n g  

s o l v e n t :   20%  e t h y l   a c e t a t e - n - h e x a n e ) .   T h e r e   w e r e   o b t a i n e d  

572  mg  of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] -  

5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - ( m e t h y l t h i o ) -  

p h e n y l ] p e n t a n e ,   as  w e l l   as  522  mg  of  2 , 2 ' - p e n t a m e t h y l e n e -  

b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - ( m e t h y l t h i o ) -  

b e n z e n e ] .  

(1)  The  f o r m e r   c o m p o u n d :   C o l o r l e s s   o i l y   s u b s t a n c e  

PMR,  6  ppm  (CDC13) :   1 . 4  -   1 . 7   (6H,  m),   2 . 4 4   (3H,  s ) ,  

2 . 5 8  -   2 . 7 8   (4H,  m),   3 . 5 3   (3H,  s ) ,   3 . 5 8   (6H,  s ) ,  



3 . 6 7   (3H,  s ) ,   3 . 8 0   (9H,  s ) ,   3 . 8 3   (3H,  s ) ,   5 . 0 2  

(2H,  s ) ,   5 . 0 8   (2H,  s ) ,   5 . 1 3   (2H,  s ) ,   5 . 1 8   (2H,  s )  

6 . 6 5   ( lH ,   s ) .  

(2)  The  l a t t e r   c o m p o u n d :   C o l o r l e s s   o i l y   s u b s t a n c e  

PMR,  δ  ppm  (CDCl3)  :   1 . 4  -   1 . 7   (6H,  m) ,   2 . 4 5   (6H,  s ) ,  

2 . 6 7   (4H,  t ,   J = 7 . 3 H z ) ,   3 . 5 8   (6H,  s ) ,   3 . 6 8   (6H,  s ) ,  

3 . 8 1   (6H,  s ) ,   3 . 8 4   (6H,  s ) ,   5 . 0 9   (4H,  s ) ,  

5 . 1 4   (4H,  s ) .  

E x a m p l e   1 0 9  

(1)  308  M i l l i g r a m s   ( 1 . 5 9   mM)  of   1 , 4 - d i m e t h o x y -  

2 , 3 , 5 , 6 - t e t r a m e t h y l b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d  

s o l v e n t   of   9  ml  o f   a n h y d r o u s   t e t r a h y d r o f u r a n   w i t h   0 .6   m l  

of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e .   N e x t ,   0 . 2 9   ml  o f  

N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   (TMEDA)  was  a d d e d  

t h e r e t o ,   and  t h e   w h o l e   m i x t u r e   was  c o o l e d   t o   - 3 0 ° C   u n d e r  

an  a t m o s p h e r e   o f   a r g o n .   Then   1 . 2   ml  ( 1 .6   M,  s o l u t i o n )  

of   n - b u t y l l i t h i u m   was  a d d e d   d r o p w i s e   to   t h e   r e a c t i o n  

m i x t u r e   and   s t i r r e d   f o r   20  m i n u t e s .   Then   a  s o l u t i o n  

p r e p a r e d   by  d i s s o l v i n g   689  mg  ( 1 . 9 0   mM)  of  1 , 4 - d i m e t h o x y -  

2 - ( 4 - i o d o b u t y l ) - 3 , 5 , 6 - t r i m e t h y l b e n z e n e   i n   5  ml  of   a n h y d r o u s  

t e t r a h y d r o f u r a n   was  a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   a n d  

t e m p e r a t u r e   o f   t h e   r e a c t i o n   m i x t u r e   was  b a c k e d   t o   r o o m  

t e m p e r a t u r e   by  t a k i n g   15  h o u r s .   A f t e r   a d d i t i o n   of   a  

s m a l l   a m o u n t   of   w a t e r   t o   t h e   r e a c t i o n   m i x t u r e ,   t h e   t e t r a -  

h y d r o f u r a n   was   r e m o v e d   by  e v a p o r a t i o n   u n d e r   a  r e d u c e d  

p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   30  ml  o f  

d i e t h y l   e t h e r ,   and   t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e  



t i m e s   w i t h   w a t e r ,   t h e n   w a s h e d   o n c e   w i t h   10  ml  of  a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .   The  o r g a n i c   l a y e r   w a s  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e ,   and  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e   to   o b t a i n   750  mg  of   a  c r u d e   p r o d u c t .  

T h i s   c r u d e   p r o d u c t   was  u s e d   in   t h e   n e x t   r e a c t i o n   s t e p  

w i t h o u t   p u r i f i e d .  

(2)  750  M i l l i g r a m s   of  t h e   c r u d e   p r o d u c t   o b t a i n e d  

i n   t h e   a b o v e - m e n t i o n e d   r e a c t i o n   ( 1 ) ,   was  d i s s o l v e d   i n  

35  ml  of  a  m i x e d   s o l v e n t   of  a c e t o n i t r i l e - a c e t o n e   ( 2 : 5 ) ,  

n e x t   15  ml  of   w a t e r   was  a d d e d   t h e r e t o   and  t h e   s o l u t i o n  

was  c o o l e d   a t   - 2 0 ° C .   The  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g  

1  g  of  ammonium  c e r i u m   n i t r a t e   i n   5  ml  of  w a t e r   was  a d d e d  

t h e r e t o .   Then   t h e   t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e  

was  g r a d u a l l y   e l e v a t e d   f rom  - 2 0 ° C   t o   room  t e m p e r a t u r e   b y  

t a k i n g   2  h o u r s   w i t h   s t i r r i n g   c o n d i t i o n s .   W i t h o u t   r e m o v a l  

of  t h e   s o l v e n t ,   120  ml  of  e t h y l   a c e t a t e   was  a d d e d   to   t h e  

r e a c t i o n   m i x t u r e .   The  o r g a n i c   l a y e r   was  w a s h e d   t h r e e  

t i m e s   w i t h   30  ml  of   w a t e r ,   t h e n   w a s h e d   o n c e   w i t h   30  m l  

of  a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   The  d r i e d   e t h y l  

a c e t a t e   s o l u t i o n   was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,  

t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   " S i l i c a   g e l   6 0 " ,  

E.  Merck   A.  G . ,   t h i c k n e s s :   1  mm,  d e v e l o p e r :   5%  e t h y l  

a c e t a t e - b e n z e n e ) .   T h e r e   was  o b t a i n e d   43  mg  of  2 , 2 ' -  

p e n t a m e t h y l e n e b i s ( 3 , 5 , 6 - t r i m e t h y l - 1 , 4 - b e n z o q u i n o n e ) .  

L i g h t   y e l l o w   p o w d e r y   s u b s t a n c e .  

M e l t i n g   p o i n t :   1 3 7 . 5  -   1 3 8 ° C .  



PMR,  δ  ppm  ( C D C 1  ) :   1 . 3 2  -   1 . 4 8   (6H,  m),   2 . 0 1   ( 1 2 H ,  

s ) ,   2 . 0 2   (6H,  s ) ,   2 . 3 9  -   2 . 5 5   (4H,  m ) .  

E x a m p l e   1 1 0  

259  M i l l i g r a m s   of   l , 4 - d i m e t h o x y - 2 , 5 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t  

of  12  ml  of   t o l u e n e   w i t h   3  ml  of   h e x a m e t h y l p h o s p h o r i c  

t r i a m i d e ,   and   f u r t h e r   0 . 3 0 3   ml  of   N , N , N ' , N ' - t e t r a m e t h y l -  

e t h y l e n e d i a m i n e   was  a d d e d   t h e r e t o ,   and   t h e   m i x t u r e   w a s  

c o o l e d   t o   - 7 8 ° C   on  a  d r y   i c e - a c e t o n e   m i x t u r e   b a t h .  

1 . 3 4   M i l l i l i t e r s   of   n - b u t y l l i t h i u m   ( 1 . 6   M,  n - h e x a n e  

s o l u t i o n )   was   a d d e d   d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e  

and  s t i r r e d   f o r   20  m i n u t e s .   Then   0 . 1 4   ml  of   d i m e t h y l  

d i s u l f i d e   was  a d d e d   d r o p w i s e   t h e r e t o ,   and   r e a c t e d   f o r  

a d d i t i o n a l   2  h o u r s   w i t h   s t i r r i n g .   The  r e a c t i o n   m i x t u r e  

was  w a r m e d   u n t i l   room  t e m p e r a t u r e ,   t h e n   30  ml  of   d i e t h y l  

e t h e r   was   a d d e d   t h e r e t o ,   and   t h e   o r g a n i c   l a y e r   was  w a s h e d  

t h r e e   t i m e s   w i t h   20  ml  of  w a t e r ,   t h e n   w a s h e d   t h r e e   t i m e s  

w i t h   20  ml  o f   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,  

and  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .   The  d i e t h y l  

e t h e r   e x t r a c t   was   c o n c e n t r a t e d   u n d e r   a  r e d u c e   p r e s s u r e ,  

t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  m e a n s   of   a  t h i n  

l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :   2  mm,  a d s o r b e n t :   s i l i c a  

g e l ,   d e v e l o p i n g   s o l v e n t :   4 0 % - e t h y l   a c e t a t e - n - h e x a n e ) .  

T h e r e   was  o b t a i n e d   152  mg  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - m e t h y l t h i o b e n z e n e .   C o l o r l e s s   o i l y   s u b s t a n c e .  

P M R ,  δ   ppm  ( C D C 1 3 ) :   2 . 4 6   ( 3 H ,  s ) ,   3 . 5 4   (3H,  s ) ,  



3 . 6 7   (3H,  s ) ,   3 . 8 2   (3H,  s ) ,   3 . 8 5   (3H,  s ) ,  

5 . 1 2   (2H,  s ) ,   5 . 1 9   ( 2 H ,  s ) ,   6 . 7 8   ( lH,   s ) .  

E x a m p l e   1 1 1  

150  M i l l i g r a m s   of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - ( m e t h y l t h i o ) b e n z e n e   was  d i s s o l v e d   i n   a  m i x e d  

s o l v e n t   of  4  ml  of  t o l u e n e   w i t h   1  ml  of  h e x a m e t h y l -  

p h o s p h o r i c   t r i a m i d e ,   t o   t h i s   s o l u t i o n   was  a d d e d   0 . 1 0 4   m l  

of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e   was  a d d e d ,   t h e n  

t h e   w h o l e   m i x t u r e   was  c o o l e d   to   - 7 8 ° C   on  a  d r y   i c e - a c e t o n e  

b a t h .   0 . 4 6 6   M i l l i l i t e r   of  n - b u t y l l i t h i u m   ( 1 . 6   M,  n -  

h e x a n e   s o l u t i o n )   was  a d d e d   d r o p w i s e   t h e r e t o   and  s t i r r e d  

f o r   30  m i n u t e s .   N e x t ,   8  ml  of   t o l u e n e   s o l u t i o n   c o n t a i n i n g  

269  mg  of   1 - ( 5 - i o d o p e n t - 1 - y l ) - 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) b e n z e n e   was  a d d e d   d r o p w i s e   and  t h e   r e a c t i o n  

m i x t u r e   was  s t i r r e d   o v e r n i g h t .   The  r e a c t i o n   m i x t u r e   w a s  

w a r m e d   t o   room  t e m p e r a t u r e ,   t h e n   30  ml  of   d i e t h y l   e t h e r  

was  a d d e d   t h e r e t o ,   t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e  

t i m e s   w i t h   20  ml  of   w a t e r   t h e n   w a s h e d   t w i c e   w i t h   a  s a t u -  

r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   and   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e .   The  d i e t h y l   e t h e r   s o l u t i o n  

was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e  

o b t a i n e d   was  p u r i f i e d   by  m e a n s   of   a  p r e p a r a t i v e   t h i n  

l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :   2  mm,  a d s o r b e n t :   M e r c k  

A r t   5717  s i l i c a   g e l ,   d e v e l o p i n g   s o l v e n t :   40%  e t h y l   a c e t a t e -  

n - h e x a n e ) .   T h e r e   was  o b t a i n e d   120  mg  of  1 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) - 4 - ( m e t h y l t h i o ) p h e n y l ] p e n t a n e   as  i n  



t h e   f o r m   of   c o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDCl3)  :   The  p h y s i c a l   p r o p e r t i e s   of   t h i s  

c o m p o u n d   w e r e   t h e   same  as  i n d i c a t e d   by  t h e   f i r s t  

o b j e c t i v e   c o m p o u n d   [ C o m p o u n d   ( 1 ) ]   o b t a i n e d   i n  

E x a m p l e   108 ,   p r e p a r e d   by  t h e   d i f f e r e n t   p r o c e s s .  

E x a m p l e   1 1 2  

573  M i l l i g r a m s   o f   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) p h e n y l l - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 4 - ( m e t h y l t h i o ) p h e n y l ] p e n t a n e   was  d i s s o l v e d   i n   a  

m i x e d   s o l v e n t   o f   5  ml  of   t e t r a h y d r o f u r a n   w i t h   5  ml  o f  

i s o p r o p a n o l ,   t h e n   t o   t h i s   s o l u t i o n   was  a d d e d   2  ml  of   a  

s o l u t i o n   ( t e t r a h y d r o f u r a n : i s o p r o p a n o l   =  1 : 1 )   c o n t a i n i n g  

2 0 % - h y d r o g e n   c h l o r i d e .   T h i s   r e a c t i o n   m i x t u r e   was  s t i r r e d  

f o r   2  h o u r s   a t   6 5 ° C   on  an  o i l   b a t h   u n d e r   an  a t m o s p h e r e  

of   a r g o n .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r  

r e d u c e d   p r e s s u r e ,   t o   t h e   r e s i d u e   o b t a i n e d   was  a d d e d  

some  a m o u n t   of   b e n z e n e   and  t r e a t e d  u n d e r   an  a z e o t r o p i c  

d i s t i l l a t i o n .   The  r e s i d u e   was  d i s s o l v e d   i n   10  ml  o f  

m e t h a n o l ,   a n d   a  s m a l l   a m o u n t   o f   s o d i u m   h y d r o g e n   c a r b o n a t e  

was   a d d e d   t h e r e t o   t h e n   o x y g e n   g a s   was  b u b b l e d   i n t o   t h e  

m i x t u r e   f o r   4  h o u r s   a t   6 0 ° C .   S o d i u m   h y d r o g e n   c a r b o n a t e  

was  r e m o v e d   by  f i l t r a t i o n ,   and  a f t e r   s e v e r a l   c r y s t a l -  

l i z a t i o n   f r o m   t h e   m e t h a n o l ,   204  m g  o f   1 - ( 2 , 5 - d i m e t h o x y ) -  

1 , 4 - b e n z o q u i n o n - 3 - y l ) - 5 - ( 2 , 5 - d i m e t h o x y ) - 6 - m e t h y l t h i o -  

l , 4 - b e n z o q u i n o n - 3 - y l ) p e n t a n e   was  o b t a i n e d .   D a r k   r e d d i s h  

p o w d e r y   c r y s t a l s .  



M e l t i n g   p o i n t :   7 5  -   7 7 ° C .  

PMR,  δ  ppm  (CDC13):   1 . 3 1  -   1 . 4 6   (6H,  m),   2 . 4 0  

(2H,  t ,   J = 7 . 3 H z ) ,   2 . 4 3   (2H,  t ,   J = 7 . 3 H z ) ,   2 . 5 0  

(3H,  s ) ,   3 . 8 1   (3H,  s ) ,   4 . 0 0   (3H,  s ) ,   4 . 0 6  

(3H,  s ) ,   4 . 0 8   (3H,  s ) ,   5 . 7 3   ( lH,  s ) .  

E x a m p l e   1 1 3  

1 .0   Gram  of  2 , 2 ' - p e n t a m e t h y l e n b i s [ l , 4 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - ( m e t h y l t h i o ) b e n z e n e ]   w a s  

d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of   10  ml  of  t e t r a h y d r o f u r a n  

w i t h   10  ml  of   i s o p r o p a n o l ,   to   t h i s   s o l u t i o n   was  a d d e d  

2  ml  of   a  s o l u t i o n   ( t e t r a h y d r o f u r a n : i s o p r o p a n o l   =  1 : 1 )  

c o n t a i n i n g   2 0 % - h y d r o g e n   c h l o r i d e .   T h i s   r e a c t i o n   m i x t u r e  

was  s t i r r e d   f o r   2  h o u r s   a t   65°C  on  an  o i l   b a t h   u n d e r   a n  

a t m o s p h e r e   of   a r g o n .   The  s o l v e n t   was  r e m o v e d   by  e v a p o r a -  

t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   t o   t h e   r e s i d u e   o b t a i n e d  

was  a d d e d   some  a m o u n t   of  b e n z e n e   and   t r e a t e d   u n d e r   a n  

a z e o t r o p i c   d i s t i l l a t i o n ,   t h e n   t h e   r e s i d u e  o b t a i n e d   w a s  

d i s s o l v e d   i n   30  ml  of  m e t h a n o l ,   f u r t h e r   a d d e d   a  s m a l l  

a m o u n t   o f   s o d i u m   h y d r o g e n   c a r b o n a t e ,   t h e n   t h e   m i x t u r e   w a s  

s t i r r e d   f o r   30  m i n u t e s   a t   6 0 ° C .   The  s o d i u m   h y d r o g e n  

c a r b o n a t e   was  r e m o v e d   by  f i l t r a t i o n ,   and  a f t e r   s e v e r a l  

c r y s t a l l i z a t i o n   f r o m   t h e   m e t h a l ,   374  mg  of  2 , 2 ' - p e n t a -  

m e t h y l e r i e b i s ( 3 , 6 - d i m e t h o x y - 5 - m e t h y l t h i o - 1 , 4 - b e n z o q u i n o n e )  

was  o b t a i n e d .   Dark   r e d d i s h   n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   6 4  -   6 5 ° C .  



PMR,  6  ppm  (CDC13) :   1 . 3  -   1 . 5   (6H,  m) ,   2 . 4 0   ( 4 H ,  

t ,   J = 7 . 3 H z ) ,   2 . 5 0   (6H,  s ) ,   4 . 0 0   (6H,  s ) ,  

4 . 0 8   (6H,  s ) .  

E x a m p l e   1 1 4  

998  M i l l i g r a m s   o f   2 , 2 ' - p e n t a m e t h y l e n e b i s [ l , 4 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d  

i n   a  m i x e d   s o l v e n t   of   30  ml  o f   t e t r a h y d r o f u r a n   w i t h   3  m l  

of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   t o   t h i s   s o l u t i o n   w a s  

a d d e d   1 . 0 3   ml  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ,  

t h e n   t h i s   m i x t u r e   was  c o o l e d   t o   - 7 8 ° C   on  a  d r y   i c e - a c e t o n e  

m i x t u r e   b a t h .   4 . 5 6   M i l l i l i t e r s   of   n - b u t y l l i t h i u m   ( 1 . 6   M, 

n - h e x a n e   s o l u t i o n )   was  a d d e d   d r o p w i s e   t o   t h e   r e a c t i o n  

m i x t u r e   a n d   s t i r r e d   f o r   30  m i n u t e s .   N e x t ,   15  ml  o f  

t e t r a h y d r o f u r a n   s o l u t i o n   c o n t a i n i n g   1 . 2 2   g  o f   N - b r o m o -  

s u c c i n i m i d e   was  a d d e d   d r o p w i s e   and  t h e   r e a c t i o n   m i x t u r e  

was  s t i r r e d   o v e r n i g h t .   The  s o l v e n t   was  r e m o v e d   u n d e r  

r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   was  e x t r a c t e d  

t w i c e   w i t h   50  ml  of   d i e t h y l   e t h e r ,   and   t h e   d i e t h y l   e t h e r  

l a y e r   was   w a s h e d   t w i c e   w i t h   50  ml  of   w a t e r ,   and   w a s h e d  

t w i c e   w i t h   50  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s  

s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e .  

The  d i e t h y l   e t h e r   s o l u t i o n   was   c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  m e a n s  

of   a  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y   ( t h i c k n e s s :  

2  mm,  a d s o r b e n t :   M e r c k   5717   s i l i c a   g e l ,   d e v e l o p i n g   s o l v e n t :  

40%  e t h y l   a c e t a t e - n - h e x a n e ) .   T h e r e   w e r e   o b t a i n e d   155  mg 

of  1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 -  



[ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - b r o m o p h e n y l ] -  

p e n t a n e ,   as  w e l l   as  22  mg  of  2 , 2 ' - p e n t a m e t h y l e n e b i s -  

[ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - b r o m o b e n z e n e ] .  

(1)  The  f o r m e r   c o m p o u n d :  

C o l o r l e s s   n e e d l e s   c r y s t a l s  

M e l t i n g   p o i n t :   8 6 . 5  -   8 7 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 4  -  1 . 7   (6H,  m),  2 . 5 5  -   2 . 7 5  

(4H,  m),   3 . 5 3   (3H,  s ) ,   3 . 5 8   (6H,  s ) ,   3 . 6 7  

(3H,  s ) ,   3 . 8 0   (9H,  s ) ,   3 . 8 1   (3H,  s ) ,   5 . 0 2   ( 2 H ,  

s ) ,   5 . 0 8   (2H,  s ) ,   5 . 1 3   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,  

6 . 6 5   (1H,  s ) .  

(2)  The  l a t t e r   c o m p o u n d :  

C o l o r l e s s   n e e d l e s   c r y s t a l s  

M e l t i n g   p o i n t :   9 .6  -   9 7 ° C .  

PMR,  δ  ppm  (CDC13) :   1 . 4  -   1 . 7   (6H,  m),   2 . 6 5   (4H,  t ,  

J = 7 . 3 H z ) ,   3 . 5 8   (6H,  s ) ,   3 . 6 8   (6H,  s ) ,   3 . 8 0 7  

(6H,  s ) ,   3 . 8 1 2   (6H,  s ) ,   5 . 0 9   (4H,  s ) ,   5 . 1 4  

(4H,  s ) .  

E x a m p l e   1 1 5  

1 . 5 3   Grams  of   2 , 2 ' - p e n t a m e t h y l e n e b i s [ 1 , 4 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s s o l v e d  

in   a  m i x e d   s o l v e n t   o f  4 0   ml  of   t e t r a h y d r o f u r a n   w i t h   4  m l  

of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   t o   t h i s   s o l u t i o n   w a s  

a d d e d   0 . 7 9   ml  of   N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ,  

t h e n   t h i s   m i x t u r e   was   c o o l e d   t o   - 7 8 ° C   on  a  d r y   i c e - a c e t o n e  

m i x t u r e   b a t h .   3 . 4 9   M i l l i l i t e r s   o f   n - b u t y l l i t h i u m   ( 1 . 6   M, 



n - h e x a n e   s o l u t i o n )   was  a d d e d   d r o p w i s e   t o   t h e   r e a c t i o n  

m i x t u r e   and  s t i r r e d   f o r   30  m i n u t e s .   N e x t ,   15  ml  o f  

t e t r a h y d r o f u r a n   s o l u t i o n   c o n t a i n i n g   1 . 1 8   g  of  N -  

i o d o s u c c i n i m i d e   was  a d d e d   d r o p w i s e  a n d   t h e   r e a c t i o n  

m i x t u r e   was  s t i r r e d   o v e r n i g h t .   The  s o l v e n t   was  r e m o v e d  

u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e   r e s i d u e   o b t a i n e d   w a s  

e x t r a c t e d   t w i c e   w i t h   100  ml  of   d i e t h y l   e t h e r ,   and  t h e  

d i e t h y l   e t h e r   l a y e r   was   w a s h e d   t w i c e   w i t h   100  ml  of   w a t e r ,  

and   w a s h e d   t w i c e   w i t h   100  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   The  d r i e d   d i e t h y l   e t h e r   e x t r a c t   was  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  p u r i f i e d  

by  m e a n s   of   a  s e p a r a t i v e   t h i n   l a y e r   c h r o m a t o g r a p h y  

( t h i c k n e s s :   2  mm,  a d s o r b e n t :   Merk  5717   s i l i c a   g e l ,  

d e v e l o p i n g   s o l v e n t :   e t h y l   a c e t a t e - d i c h l o r o m e t h a n e   ( 1 : 9 ) .  

T h e r e   w e r e   o b t a i n e d   685  mg  of   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) - 4 - i o d o p h e n y l ] p e n t a n e ,   as   w e l l   as  575  mg 

of   2 , 2 1 - p e n t a m e t h y l e n e b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y -  

m e t h o x y ) - 5 - i o d o b e n z e n e l .  

(1)  The  f o r m e r   c o m p o u n d :  

C o l o r l e s s   n e e d l e s   c r y s t a l s  

M e l t i n g   p o i n t :   7 9  -   8 0 ° C .  

NMR,  6  p p m   ( C D C 1 3 ) :   1 . 4 0  -   1 . 7 0   (6H,  m) ,   2 . 6 5   ( 2 H ,  

t ,   J = 7 . 2 H z ) ,   2 . 6 8   (2H,  t ,   J = 7 . 2 H z ) ,   3 . 5 3   ( 3 H ,  

s ) ,   3 . 5 8   (6H,  s ) ,   3 . 6 9   (3H,  s ) ,   3 . 7 8   (6H,  s ) ,  

3 . 7 8 9   (3H,   s ) ,   3 . 7 9 4   (3H,  s ) ,   5 . 0 2   (2H,  s ) ,  



5 . 0 7   (2H,  s ) ,   5 . 1 2   (2H,  s ) ,   5 . 1 8   (2H,  s ) ,  

6 . 6 5   ( lH ,   s ) .  

(2)  The  l a t t e r   c o m p o u n d :  

C o l o r l e s s   n e e d l e s   c r y s t a l s  

M e l t i n g   p o i n t :   1 1 0  -   1 1 2 ° C .  

NMR,  6  ppm  ( C D C 1 3 ) :   1 . 4 0  -   1 . 7 0   (6H,  m),   2 . 6 5   ( 4 H ,  

t ,   J = 7 . 3 H z ) ,   3 . 5 8   (6H,  s ) ,   3 . 7 0   (6H,  s ) ,  

3 . 7 9   (12H,   s ) ,   5 . 0 8   (4H,  s ) ,   5 . 1 3   (4H,  s ) .  

E x a m p l e   1 1 6  

(1)  555  M i l l i g r a m s   ( 0 . 9 5   mM)  of   2 , 2 ' - p e n t a -  

m e t h y l e n e b i s { 1 , 4 - d i m e t h o x y - 3 , 6 - b i s [ ( m e t h o x y m e t h o x y ) b e n z e n e ] }  

was  d i s s o l v e d   i n   a  m i x e d   s o l v e n t   of  2 2 . 2   ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n   w i t h   4  ml  of  h e x a m e t h y l p h o s p h o r y l   t r i a m i d e ,  

to   t h i s   s - l u t i o n   was  a d d e d   0 . 1 6   ml  o f   N , N , N ' , N ' - t e t r a -  

m e t h y l e t h y l e n e d i a m i n e   (TMEDA),  t h e n   t h i s   s o l u t i o n   w a s  

c o o l e d   to  - 7 8 ° C   u n d e r   an  a t m o s p h e r e   of  a r g o n .   0 . 6 6  

M i l l i l i t e r   of   n - b u t y l l i t h i u m   (1 .6   M,  s o l u t i o n )   was  a d d e d  

d r o p w i s e   to   t h e   r e a c t i o n   m i x t u r e   and  s t i r r e d   f o r   20  

m i n u t e s .   N e x t ,   0 . 1 0   ml  ( 1 . 0 5   mM)  of   e t h y l   c h l o r o f o r m a t e  

was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  s t i r r e d   a t   - 7 8 ° C  

f o r   2  h o u r s .   The  t e m p e r a t u r e   of  t h e   r e a c t i o n   m i x t u r e  

was  r e t u r n e d   b a c k   to   room  t e m p e r a t u r e   by  t a k i n g   10  h o u r s .  

A  s m a l l   a m o u n t   of  w a t e r   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e  

and  t e t r a h y d r o f u r a n   was  r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e .  

The  r e s i d u e   o b t a i n e d   was  d i s s o l v e d   in  60  ml  of  d i e t h y l  

e t h e r ,   the   o r g a n i c   l a y e r   was  w a s h e d   t h r e e   t i m e s   w i t h  



20  ml  of   w a t e r ,   t h e n   w a s h e d   o n c e   w i t h   20  ml  of   a  s a t u r a t e d  

s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n ,   n e x t   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e .   The  d i e t h y l   e t h e r   s o l u t i o n   w a s  

c o n c e n t r a t e d   to   o b t a i n   557  mg  o f   a  c r u d e   p r o d u c t .   T h i s  

c r u d e   p r o d u c t   was  u s e d   t o   t h e   n e x t   r e a c t i o n   s t e p   w i t h o u t  

p u r i f i e d .  

( 2 )  5 5 7   M i l l i g r a m s   o f   t h e   a b o v e - m e n t i o n e d   c r u d e  

p r o d u c t   was  d i s s o l v e d   i n   12  ml  o f   a  m i x e d   s o l v e n t   o f  

e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 ) ,   t o   t h i s   s o l u t i o n   was  a d d e d  

1 .2   ml  of  a  m i x t u r e   of   e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 )  

c o n t a i n i n g   2 0 % - h y d r o g e n   c h l o r i d e   u n d e r   an  a t m o s p h e r e   o f  

a r g o n   a t   room  t e m p e r a t u r e .   The  t e m p e r a t u r e   o f   t h e  

r e a c t i o n   m i x t u r e   was   e l e v a t e d   t o   60°C  and  s t i r r e d   f o r   2  

h o u r s .   The  s o l v e n t   was   r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e ,   t o  

t h e   r e s i d u e   o b t a i n e d   was  a d d e d   10  ml  of   b e n z e n e ,   a n d  

a g a i n   t r e a t e d   u n d e r   r e d u c e d   p r e s s u r e   to   r e m o v e   h y d r o g e n  

c h l o r i d e .   The  r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   15  m l  

of   a c e t o n i t r i l e ,   t o   t h i s   s o l u t i o n   was  a d d e d   1 . 5   ml  o f  

an  a c e t o n i t r i l e   s o l u t i o n   o f   c o m p l e x   C u 4 C l 4 O 2 ( C H 3 C N ) 3  

( w h i c h   was  p r e p a r e d   by  a d d i n g   1  g  o f   c u p r o u s   c h l o r i d e   t o  

25  ml  of   a c e t o n i t r i l e   u n d e r   b u b b l i n g   o x y g e n   g a s )   and  t h e  

r e a c t i o n   m i x t u r e   was   s t i r r e d   f o r   30  m i n u t e s   u n d e r   o x y g e n  

gas   s t r e a m   c o n d i t i o n s .   The  s o l v e n t   was  r e m o v e d   u n d e r  

r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n  

60  ml  of  e t h y l   a c e t a t e ,   and  t h e   o r g a n i c   l a y e r   was  w a s h e d  

t h r e e   t i m e s   w i t h   20  ml  of   w a t e r ,   t h e n   w a s h e d   o n c e   w i t h  

20  ml  of  a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .  

The  o r g a n i c   l a y e r   was   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  



s u l f a t e ,   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   T h e  

r e s i d u e   o b t a i n e d   was  t r e a d   by  a  s i l i c a   g e l   c o l u m n  

c h r o m a t o g r a p h y ,   by  u s i n g   as  e l u t i n g   s o l v e n t ,   b e n z e n e -  

h e x a n e   m i x t u r e s   in   w h i c h   t h e   m i x i n g   r a t i o   of  t h e   b e n z e n e  

was  c h a n g e d   f rom  5  to  8%  s t e p w i s e .   T h e r e   was  o b t a i n e d  

110  mg  of  2 , 5 - d i m e t h o x y - 3 - e t h o x y c a r b o n y l - 6 - [ 5 - ( 2 , 5 -  

d i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .  

R e d d i s h   o i l y   s u b s t a n c e .  

PMR,  δ  ppm  (CDC13) :   1 . 2 0  -   1 . 5 0   (6H,  m),   1 . 3 8   ( 3 H ,  

t ,   J = 7 . 2 H z ) ,   2 . 3 1  -   2 . 4 7   (4H,  m),  3 . 8 1   (3H,  s ) ,  

4 . 0 5   (3H,  s) ,   4 . 0 6   (6H,  s ) ,   4 . 38   (2H,  q ,   J = 7 . 2 H z ) ,  

5 . 7 3   ( lH,   s ) .  

E x a m p l e   1 1 7  

By  p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d   i n  

E x a m p l e   116,   e x c e p t   t h a t   1 . 2   g  of  1 , 4 - d i m e t h o x y - 2 , 5 -  

b i s ( m e t h o x y m e t h o x y ) - 6 - b u t y l - 3 - { 5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) - 4 - ( e t h o x y c a r b o n y l ) p h e n y l ] p e n t y l } b e n z e n e  

was  t r e a t e d   f o r   t h e   r e m o v a l   of   m e t h o x y m e t h y l   g r o u p   a n d  

was  o x i d i z e d ,   t h e r e   was  o b t a i n e d   230  mg  of  2 , 5 - d i m e t h o x y -  

3 - b u t y l - 6 - [ 5 - ( 2 , 5 - d i m e t h o x y - 6 - e t h o x y c a r b o n y l - l , 4 -  

b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .   Y e l l o w   o i l y  

s u b s t a n c e .  

PMR,  δ  ppm  ( C D C l 3 ) :   0 . 9 2   (3H,  t ,   J = 6 . 7 H z ) ,   1 . 4 9  

(3H,  t ,   J = 7 . 3 H z ) ,   1 . 3  -   1.6  (10H,  m),  2 . 3  -   2 . 5  

(4H,  m),  2 . 70   (2H,  t ,   J = 6 . 8 H z ) ,   3 . 79   (3H,  s ) ,  

3 . 84   (3H,  s ) ,   3 . 9 9   (6H,  s ) ,   4 . 46   (2H,  q,  J = 7 . 3 H z ) .  



E x a m p l e   1 1 8  

3 . 0 8 3   Grams  ( 5 . 2 8   m M )  o f   2 , 2 ' - p e n t a m e t h y l e n e -  

b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   w a s  

d i s s o l v e d   in   a  m i x e d   s o l v e n t   of   65  ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n   w i t h   1 0 . 8   ml  of   h e x a m e t h y l p h o s p h o r y l  

t r i a m i d e ,   t o   t h i s   s o l u t i o n   was   a d d e d   3 .7   ml  of   N , N , N ' , N ' -  

t e t r a m e t h y l e t h y l e n e d i a m i n e   (TMEDA)  and   t h e  w h o l e   m i x t u r e  

was   c o o l e d   t o   - 7 8 ° C   u n d e r   an  a t m o s p h e r e   o f   a r g o n   g a s .  

1 5 . 8   M i l l i l i t e r s   of   n - b u t y l l i t h i u m   ( 1 . 6   M  s o l u t i o n )   w a s  

a d d e d   d r o p w i s e   to   t h e   r e a c t i o n   m i x t u r e ,   and  s t i r r e d   f o r  

90  m i n u t e s .   N e x t ,   2 . 3 7   ml  ( 2 4 . 9   mM)  of   e t h y l   c h l o r o f o r m a t e  

was   a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  t h e   w h o l e   m i x t u r e  

was   s t i r r e d   f o r   3  h o u r s   a t   - 7 8 ° C .   T e m p e r a t u r e   of  t h e  

r e a c t i o n   m i x t u r e   was  r e t u r n e d   b a c k   t o   room  t e m p e r a t u r e  

by  t a k i n g   10  h o u r s ,   and   a  s m a l l   a m o u n t   of   w a t e r   was  a d d e d  

t h e r e t o   and  t e t r a h y d r o f u r a n   was  r e m o v e d   by  e v a p o r a t i o n  

u n d e r   a  r e d u c e d   p r e s s u r e .   To  t h e   r e s i d u e   o b t a i n e d   w a s  

a d d e d   200  ml  of  O . l N - h y d r o c h l o r i c   a c i d   and  e x t r a c t e d  

t h r e e   t i m e s   w i t h   80  ml  o f   a  m i x e d   s o l v e n t   o f   d i e t h y l  

e t h e r - b e n z e n e   ( l : l ) .   The  o r g a n i c   l a y e r   was  w a s h e d   t h r e e  

t i m e s   w i t h   50  ml  of  w a t e r ,   n e x t   w a s h e d   o n c e   w i t h   50  m l  

o f   a  s a t u r a t e d   s o d i u m   h y d r o g e n   c a r b o n a t e   a q u e o u s   s o l u t i o n ,  

t h e n   w a s h e d   o n c e   w i t h   50  ml  of   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

a q u e o u s   s o l u t i o n ,   and  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e .   The  o r g a n i c   l a y e r   was  c o n c e n t r a t e d   u n d e r   a  

r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  t r e a t e d   b y  

m e a n s   of   a  s i l i c a   g e l   c h r o m a t o g r a p h y   ( a d s o r b e n t :   170  g  o f  

a  m i x t u r e   of   " W a k o g e l   C - 2 0 0 "   w i t h   S i l i c a   g e l ,   m a n u f a c t u r e d  



by  M a l l i n c k r o d t   I n c . ,   N.  J . ,   U.  S.  A.  and  e l u t e d   w i t h  

b e n z e n e ,   t h e r e   was  o b t a i n e d   2 . 0  g   of   2 , 2 ' - p e n t a m e t h y l e n e -  

b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - ( e t h o x y -  

c a r b o n y l ) b e n z e n e ] .   L i g h t   y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 1 8  -   1 . 7 6   (6H,  m),   1 . 3 8  

(6H,  t ,   J = 7 . 5 H z ) ,   2 . 6 7   (4H,  b r t ,   J = 8 . 4 H z ) ,  

3 . 5 2   (6H,  s ) ,   3 . 5 7   (6H,  s ) ,   3 . 8 0   (6H,  s ) ,  

3 . 8 2   (6H,  s ) ,   4 . 3 8   (4H,  q,   J = 7 . 5 H z ) ,   5 . 0 3  

(4H,  s ) ,   5 . 0 7   (4H,  s ) .  

E x a m p l e   1 1 9  

1 . 7 8 1   Grams  ( 2 . 4 4   mM)  of   2 , 2 ' - p e n t a m e t h y l e n e -  

b i s [ l , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - e t h o x y c a r b o n y l -  

b e n z e n e ]   was  d i s s o l v e d   in   36  ml  of   a  m i x e d   s o l v e n t   o f  

e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 ) ,   to   t h i s   s o l u t i o n   was  a d d e d  

5  ml  of  a  m i x e d   s o l v e n t   of  e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 ) ,  

c o n t a i n i n g   2 0 % - h y d r o g e n   c h l o r i d e ,   u n d e r   an  a t m o s p h e r e   o f  

a r g o n   g a s ,   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   2 .5   h o u r s  

a t   8 0 ° C .   The  s o l v e n t   was  r e m o v e d   u n d e r   a  r e d u c e d   p r e s s u r e ,  

to   t h e   r e s i d u e   o b t a i n e d   was  a d d e d   30  ml  of   b e n z e n e ,   t h i s  

m i x t u r e   a g a i n   t r e a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  r e m o v e  

h y d r o g e n   c h l o r i d e .   T h e r e   w e r e   o b t a i n e d   1 . 7 6 2   g  of  a  c r u d e  

p r o d u c t ,   w h i c h   was  t h e n   d i s s o l v e d   i n   70  ml  of  a c e t o n i t r i l e ,  

to   t h i s   s o l u t i o n   was  a d d e d   15  ml  of   a c e t o n i t r i l e   s o l u t i o n  

of  c o m p l e x   of  C u 4 C l 4 O 2 ( C H 3 C N ) 3   ( w h i c h   was  p r e p a r e d   b y  

a d d i n g   1  g  of  c u p r o u s   c h l o r i d e   in   25  ml  of  a c e t o n i t r i l e  

u n d e r   b u b b l i n g   o x y g e n   g a s ) ,   and  t h e   r e a c t i o n   m i x t u r e   w a s  



s t i r r e d   f o r   30  m i n u t e s   u n d e r   o x y g e n   g a s   s t r e a m   c o n d i t i o n s .  

The  s o l v e n t   was  r e m o v e d   u n d e r  r e d u c e d   p r e s s u r e ,   t h e  

r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   120  ml  of   e t h y l   a c e t a t e ,  

t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e   t i m e s   w i t h   40  ml  o f  

w a t e r ,   n e x t   w a s h e d   o n c e   w i t h   40  ml  o f   a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   t h e n   d r i e d   o v e r   a n h y d r o u s  

m a g n e s i u m   s u l f a t e ,   and   c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  means   o f  

a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r :   3 . 2   c m ,  

a d s o r b e n t :   " W a k o g e l   C - 3 0 0 "   98  g ) ,   and  e l u t e d   w i t h   a  m i x e d  

s o l v e n t   of   b e n z e n e - e t h y l   a c e t a t e   ( 1 6 : 1 )   to   o b t a i n   604  mg 

o f   6 , 6 ' - p e n t a m e t h y l e n e b i s ( 2 , 5 - d i m e t h o x y - 3 - e t h o x y c a r b o n y l -  

1 , 4 - b e n z o q u i n o n e ) .   R e d d i s h   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDCl3)  :   1 . 1 0  -   1 . 5 0   (6H,  m) ,   1 . 3 8  

(6H,  t ,   J = 7 . 2 H z ) ,   2 . 4 1   (4H,  b r t ,   J = 7 . 8 H z ) ,  

4 . 0 5   (6H,  s ) ,   4 . 0 7   (6H,  s)  ,   4 . 3 8   (4H,  q,  J = 7 . 2 H z )  .  

E x a m p l e   1 2 0  

1 . 1 6 9   Grams   ( 2 . 0 0   mM)  of   2 , 2 ' - p e n t a m e t h y l e n e b i s -  

[ l , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) b e n z e n e ]   was  d i s -  

s o l v e d   i n   a  m i x e d   s o l v e n t   of   30  ml  of   a n h y d r o u s   t e t r a -  

h y d r o f u r a n   w i t h   5  ml  of   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,  

to   t h i s   s o l u t i o n   was  a d d e d   0 . 3 5   ml  of   N , N , N ' , N ' -  

t e t r a m e t h y l e t h y l e n e d i a m i n e   (TMEDA)  and   t h e  w h o l e   m i x t u r e  

was  c o o l e d   t o   - 7 8 ° C   u n d e r   an  a t m o s p h e r e   of   a r g o n   g a s .  

Then   1 .5   ml  of  n - b u t y l l i t h i u m   ( 1 . 6   M,  s o l u t i o n )   was  a d d e d  

d r o p w i s e   t o   t h e   r e a c t i o n   m i x t u r e   and  s t i r r e d   f o r   20  m i n u t e s .  



N e x t ,   10  ml  of  s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   321  mg 

( 2 . 4 0   mM)  of  N - c h l o r o s u c c i n i m i d e   in   10  ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   t h e n  

t h e   t e m p e r a t u r e   of  t h e   r e a c t i o n   m i x t u r e   was  e l e v a t e d  

f rom  - 7 8 ° C   to  a  room  t e m p e r a t u r e   by  t a k i n g   7  h o u r s  

g r a d u a l l y ,   t h e n   a  s m a l l   a m o u n t   of  w a t e r   was  a d d e d   t h e r e t o  

and  t e t r a h y d r o f u r a n   was  r e m o v e d   u n d e r   a  r e d u c e d   p r e s s u r e .  

The  r e s i d u e   o b t a i n e d   was  d i s s o l v e d   in   60  ml  of   d i e t h y l  

e t h e r ,   and  t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e   t i m e s   w i t h  

20  ml  of  w a t e r ,   t h e n   w a s h e d   once   w i t h   a  s a t u r a t e d   s o d i u m  

h y d r o g e n   c a r b o n a t e   a q u e o u s   s o l u t i o n ,   and  f u r t h e r   w a s h e d  

o n c e   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .  

The  o r g a n i c   l a y e r   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   t h e n   c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e .  

The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l  

t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   S i l i c a   g e l   60  F 2 5 4 '  

E.  Merck   A.  G. ,   t h i c k n e s s :   2  mm,  d e v e l o p i n g   s o l v e n t :   30% 

e t h y l   a c e t a t e d - h e x a n e ) .   T h e r e   w e r e   o b t a i n e d   311  mg  o f  

l - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - c h l o r o p h e n y l ] -  

5 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t a n e ,  

and  145  mg  of  2 , 2 ' - p e n t a m e t h y l e n e b i s [ l , 4 - d i m e t h o x y - 3 , 6 -  

b i s ( m e t h o x y m e t h o x y ) - 5 - c h l o r o b e n z e n e ] .  

(1)  The  f o r m e r   c o m p o u n d :   1 - [ 2 , 5 - d i m e t h o x y - 3 , 6 - b i s -  

( m e t h o x y m e t h o x y ) - 4 - c h l o r o p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t a n e  

L i g h t   y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  (CDC13) :   1 . 4 0  -   1 . 7 0   (6H,  m),   2 . 5 5  -   2 . 7 8  

(4H,  m),   3 . 5 3   (3H,  s ) ,   3 . 5 7   (6H,  s ) ,   3 . 6 5  



(3H,  s ) ,   3 . 7 9   (3H,  s ) ,   3 . 8 0   (6H,  s ) ,   3 . 8 2  

(3H,  s ) ,   5 . 0 2   (2H,  s)-,   5 . 0 8   (2H,  s ) ,   5 . 1 3  

(2H,  s ) ,   5 . 1 8   (2H,  s ) ,   6 . 6 5   ( lH ,   s ) .  

(2)  The  l a t t e r   c o m p o u n d :   2 , 2 ' - p e n t a m e t h y l e n e b i s [ l , 4 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - c h l o r o b e n z e n e ]  

L i g h t   y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C n C l 3 ) :   1 . 4 1  -   1 . 6 7   (6H,  m) ,   2 . 5 8  -   2 . 7 0  

(4H,  m) ,   3 . 5 8   (6H,  s ) ,   3 . 6 6   (6H,  s ) ,   3 . 8 1  

(6H,  s ) ,   3 . 8 3   (6H,  s ) ,   5 . 0 9   (4H,  s ) ,   5 . 1 4   (4H,  s ) .  

E x a m p l e   1 2 1  

219  M i l l i g r a m s   ( 0 . 3 5   mM)  of  1 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - c h l o r o p h e n y l ] - 5 - [ 2 , 5 - d i m e t h o x y -  

3 , 6 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t a n e   was  d i s s o l v e d   i n  

5  ml  of   a  m i x e d   s o l v e n t   o f   e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 ) ,  

t o   t h i s   s o l u t i o n   was  a d d e d   0 . 5   ml  of   a  m i x e d   s o l v e n t   o f  

e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 )   c o n t a i n i n g   20%  o f  h y d r o g e n  

c h l o r i d e   u n d e r   an  a t m o s p h e r e   of   a r g o n   gas   a t   a  r o o m  

t e m p e r a t u r e ,   t h e n   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r  

2  h o u r s   a t   6 0 ° C .   The  s o l v e n t   was  r e m o v e d   u n d e r   r e d u c e d  

p r e s s u r e ,   to   t h e   r e s i d u e   was   a d d e d   5  ml  of   b e n z e n e ,   a n d  

t h e   m i x t u r e   was  a g a i n   t r e a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o  

r e m o v e   t h e   h y d r o g e n   c h l o r i d e .   The  r e s i d u e   o b t a i n e d   w a s  

d i s s o l v e d   i n   20  ml  of   a c e t o n i t r i l e ,   f u r t h e r   a d d e d   1 .5   m l  

of   a c e t o n i t r i l e   s o l u t i o n   of  c o m p l e x   of  C u 4 C l 4 O 2 ( C H 3 C N ) 3  

( w h i c h   was  p r e p a r e d   by  a d d i n g   1  g  of  c u p r o u s   c h l o r i d e  

i n   25  ml  of  a c e t o n i t r i l e   u n d e r   b u b b l i n g   o x y g e n   g a s ) ,  



and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   1  h o u r   u n d e r  

o x y g e n   gas   s t r e a m   c o n d i t i o n s .  T h e   s o l v e n t   was  r e m o v e d  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e   r e s i d u e   o b t a i n e d   was  d i s s o l v e d  

in   30  ml  of  e t h y l   a c e t a t e ,   t h e n   t h e   o r g a n i c   l a y e r   w a s  

w a s h e d   t h r e e   t i m e s   w i t h   10  ml  of  w a t e r ,   t h e n   w a s h e d   o n c e  

w i t h   10  ml  of  a  s a t u r a t e d   s o d i u m   c h l o r i d e   a q u e o u s   s o l u t i o n .  

The  o r g a n i c   l a y e r   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   t h e n   c o n c e n t r a t e d   u n d e r   a  r e d u c e d   p r e s s u r e .  

The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s   of  a  s i l i c a  

g e l   t h i n   l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   S i l i c a   g e l  

60  F 2 5 4 '   E.  Merck   A.  G. ,   t h i c k n e s s :   1  mm,  d e v e l o p i n g  

s o l v e n t :   50%  e t h y l   a c e t a t e - n - h e x a n e )   t o   o b t a i n   107  mg 

of   2 , 5 - d i m e t h o x y - 3 - c h l o r o - 6 - [ 5 - ( 2 , 5 - d i m e t h o x y - 1 , 4 -  

b e n z o q u i n o n - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .   O r a n g e   p o w d e r y  

s u b s t a n c e .  

M e l t i n g   p o i n t :   4 4 . 8  -   4 6 ° C  

PMR,  δ  ppm  (CDC13) :   1 . 2 0  -   1 . 6 4   (6H,  m),   2 . 2 8  -   2 . 5 0  

(4H,  m),   3 . 8 1   (3H,  s ) ,   4 . 0 5   (3H,  s ) ,   4 . 0 6   ( 3 H ,  

s ) ,   4 . 2 1   (3H,  s ) ,   5 . 7 3   ( lH,   s ) .  

E x a m p l e   1 2 2  

145  M i l l i g r a m s   ( 0 . 2 2   mM)  of  2 , 2 ' - p e n t a m e t h y l e n e -  

b i s [ 1 , 4 - d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 5 - c h l o r o b e n z e n e )  

was  d i s s o l v e d   in   a  5  ml  of  m i x e d   s o l v e n t   of  e t h a n o l -  

t e t r a h y d r o f u r a n   ( 1 : 1 ) ,   to   t h i s   s o l u t i o n   was  a d d e d   0 . 5   m l  

of  a  m i x t u r e   of  e t h a n o l - t e t r a h y d r o f u r a n   ( 1 : 1 )   c o n t a i n i n g  

20%  of  h y d r o g e n   c h l o r i d e   u n d e r   an  a t m o s p h e r e   of   a r g o n  



g a s   a t   r oom  t e m p e r a t u r e ,   t h e n   t h e   r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   f o r   2  h o u r s   a t   8 0 ° C . . T h e   s o l v e n t   was   r e m o v e d  

u n d e r   r e d u c e d   p r e s s u r e ,   t h e n   to   t h e   r e s i d u e d   was  a d d e d  

5  ml  of   b e n z e n e ,   and  t h i s   m i x t u r e   a g a i n   t r e a t e d   u n d e r  

r e d u c e d   p r e s s u r e   to   r e m o v e   t h e   h y d r o g e n   c h l o r i d e .   T h e  

r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   20  ml  o f   a c e t o n i t r i l e ,  

f u r t h e r   a d d e d   1 . 5   ml  of   a c e t o n i t r i l e   s o l u t i o n   o f   c o m p l e x  

o f   C u 4 C l 4 O 2 ( C H 3 C N ) 3  ( w h i c h   was  p r e p a r e d   by  a d d i n g   1  g  

of   c u p r o u s   c h l o r i d e   i n   25  ml  of   a c e t o n i t r i l e   u n d e r  

o x y g e n t   g a s   s t r e a m   c o n d i t i o n s ) ,   and   t h e   r e a c t i o n   m i x t u r e  

was   s t i r r e d   f o r   30  m i n u t e s   u n d e r   b u b b l i n g   o x y g e n   g a s .  

The  s o l v e n t   was  r e m o v e d   u n d e r   a  r e d u c e d   p r e s s u r e ,   t h e  

r e s i d u e   o b t a i n e d   was  d i s s o l v e d   i n   30  ml  of   e t h y l   a c e t a t e ,  

t h e   o r g a n i c   l a y e r   was  w a s h e d   t h r e e   t i m e s   w i t h   10  ml  o f  

w a t e r ,   t h e n   w a s h e d   o n c e   w i t h   10  ml  of  a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n .   The  o r g a n i c   l a y e r   was  t h e n  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n c e n t r a t e d  

u n d e r   a  r e d u c e d   p r e s s u r e .   The  r e s i d u e   o b t a i n e d   w a s  

t r e a t e d   by  m e a n s   of   a  s i l i c a   g e l   t h i n   l a y e r   c h r o m a t o g r a p h y  

( a d s o r b e n t :   " S i l i c a   g e l   60  F 2 5 4 " ,   E.  M e r c k   A.  G . ,   t h i c k n e s s :  

1  mm,  d e v e l o p i n g   s o l v e n t :   30%  e t h y l   a c e t a t e - h e x a n e ) .  

T h e r e   was   o b t a i n e d   67  mg  of   6 , 6 ' - p e n t a m e t h y l e n e b i s ( 2 , 5 -  

d i m e t h o x y - 3 - c h l a r o - 1 , 4 - b e n z o q u i n o n e ) .   O r a n g e   n e e d l e s  

c r y s t a l s .  

M e l t i n g   p o i n t :   7 9 . 8  -   8 0 . 0 ° C .  

PMR,  6  ppm  (CDC13) :   1 . 2 8  -   1 . 5 0   (6H,  m) ,   2 . 3 2  -   2 . 4 8  

(4H,  m),   4 . 0 6   (6H,  s ) ,   4 . 2 1   (6H,  s ) .  



E x a m p l e   1 2 3  

(1)  3 .0   Grams  of   1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) b e n z e n e   was  d i s s o l v e d   i n   500  ml  of   a n h y d r o u s  

t e t r a h y d r o f u r a n ,   t h i s   s o l u t i o n   was  c o o l e d   to   - 7 8 ° C   o n  

a  d r y   i c e - a c e t o n e   b a t h   u n d e r   an  a t m o s p h e r e   of   a r g o n   g a s .  

To  t h i s   s o l u t i o n   was  a d d e d   d r o p w i s e   1 0 . 7   ml  of  s e c -  

b u t y l l i t h i u m   ( 1 . 3   M  c y c l o h e x a n e   s o l u t i o n ) ,  a n d   s t i r r e d  

f o r   30  m i n u t e s .   T h e n   3 . 5 4   g  of  I - b r o m o - 4 - n o n y n e   w a s  

a d d e d   d r o p w i s e   t h e r e t o ,   f u r t h e r   2 .1   g  of   s o d i u m   i o d i d e  

and  60  ml  of  h e x a m e t h y l p h o s p h o r i c   t r i a m i d e   w e r e   a d d e d  

to   t h e   r e a c t i o n   m i x t u r e   and  s t i r r e d   f o r   12  h o u r s   a t   r o o m  

t e m p e r a t u r e .   T e t r a h y d r o f u r a n   was  r e m o v e d   u n d e r   r e d u c e d  

p r e s s u r e ,   t h e n   to   t h e   r e s i d u e   o b t a i n e d   was  a d d e d   300  m l  

of   m i x e d   s o l v e n t   of  b e n z e n e - d i e t h y l   e t h e r   ( 1 : 1 ) .   T h e  

o r g a n i c   l a y e r   was  w a s h e d   f o u r   t i m e s   w i t h   100  ml  of   w a t e r ,  

and  w a s h e d   f o u r   t i m e s   w i t h   100  ml  of  a  s a t u r a t e d   s o d i u m  

c h l o r i d e   a q u e o u s   s o l u t i o n ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e   t h e n   t h e   s o l v e n t   was  r e m o v e d   u n d e r   r e d u c e d  

p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  t r e a t e d   by  m e a n s  

of   a  s i l i c a   g e l   c o l u m n   c h r o m a t o g r a p h y   ( d i a m e t e r :   5 . 5   cm 

x  l e n g t h   1 5 . 5   cm,  " W a k o g e l   C - 2 0 0 " ,   d e v e l o p i n g   and  e l u t i n g  

s o l v e n t :   20%  e t h y l   a c e t a t e - n - h e x a n e ) .   T h e r e   was  o b t a i n e d  

1 .4   g  of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y m e t h o x y ) - 3 - ( 4 -  

n o n y n y l ) b e n z e n e   as  i n   t h e   f o rm  of  c o l o r l e s s   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   0 . 8 9   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 4 3  

(4H,  m),   1 . 7 4   (2H,  m),  2 .14   (2H,  m),  2 . 2 2  

(2H,  m),   2 . 7 5   (2H,  b r t ) ,   3 . 5 2   (3H,  s ) ,   3 . 5 8  



(3H,  s ) ,   3 . 7 8   (6H,  s ) ,   5 . 0 1   (2H,  s ) ,   5 . 1 6   ( 2 H ,  

s ) ,   6 . 6 4   (1H,  s )  .  

(2)  1 . 0   Gram  of  1 , 4 - d i m e t h o x y - 2 , 5 - b i s ( m e t h o x y -  

m e t h o x y ) - 3 - ( 4 - n o n y n y l ) b e n z e n e   p r e p a r e d   in   t h e   a b o v e -  

m e n t i o n e d   p r o c e s s   (1)  was  t r e a t e d   f o r   t h e   r e m o v a l   o f  

m e t h o x y m e t h y l   g r o u p   and  was  o x i d i z e d   by  e m p l o y e d  

p r o c e d u r e s   s i m i l a r   t o   t h o s e   d e s c r i b e d   i n   E x a m p l e   30  ( 4 ) ,  

t h e r e   was   o b t a i n e d   530  mg  of  2 , 5 - d i m e t h o x y - 3 - ( 4 - n o n y n y l ) -  

1 , 4 - b e n z o q u i n o n e .   Y e l l o w   o i l y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   0 . 9 0   (3H,  t ,   J = 7 . 0 H z ) ,   1 . 3  -   1 . 5  

(4H,  m ) ,   1 . 6 1   (2H,  m) ,   2 . 1 5   (4H,  m),   2 . 5 2  

(2H,  t ,   J = 7 . 6 H z ) ,   3 . 8 0   (3H,  s ) ,   4 . 0 7   (3H,  s ) ,  

5 . 7 3   ( lH ,   s ) .  

E x a m p l e   1 2 4  

390  M i l l i g r a m s   of   1 - ( 2 - h y d r o x y e t h y l ) - 2 , 5 -  

d i m e t h o x y - 3 , 6 - b i s ( m e t h o x y m e t h o x y ) - 4 - { 5 - [ 3 , 6 - d i m e t h o x y -  

2 , 5 - b i s ( m e t h o x y m e t h o x y ) p h e n y l ] p e n t y l } b e n z e n e   p r e p a r e d   i n  

E x a m p l e   58  was   t r e a t e d   f o r   t h e   r e m o v a l   of   m e t h o x y m e t h y l  

g r o u p   and   was   o x i d i z e d   by  e m p l o y e d   p r o c e d u r e s   s i m i l a r   t o  

t h o s e   d e s c r i b e d   i n   E x a m p l e   1 2 3 ,   t h e r e   was  o b t a i n e d   92  mg 

of   2 , 5 - d i m e t h o x y - 3 - ( 2 - h y d r o x y e t h y l ) - 6 - [ 5 - ( 2 , 5 - d i m e t h o x y -  

1 , 4 - b e n z o q u i n o - 3 - y l ) p e n t y l ] - 1 , 4 - b e n z o q u i n o n e .   O r a n g e  

n e e d l e s   c r y s t a l s .  

M e l t i n g   p o i n t :   8 6  -   8 7 ° C .  

PMR  δ  ppm  ( C D C 1 3 ) :   1 . 3  -   1 . 5   (6H,  m),   2 . 4 0   (2H,  t ,  



J = 7 . 3 H z ) ,   2 . 4 3   ( 2 H ,  t ,   J = 7 . 3 H z ) ,   2 . 7 2   (2H,  t ,  

J = 6 . 5 H z )  ,   3 . 7 3   ( 2 H ,  t ,   J = 6 . 5 H z ) ,   3 . 8 0   ( 3 H ,  s ) ,  

4 . 0 0   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   4 . 0 6   (3H,  s ) ,  

5 . 7 3   ( lH ,   s ) .  

E x a m p l e   1 2 5  

320  M i l l i g r a m s   of  2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 -  

d i m e t h o x y - 1 , 4 - b e n z o q u i n o n e )   d i s s o l v e d   i n   7  ml  of  m e t h a n o l ,  

was  t r e a t e d   w i t h   2 N - s o d i u m   h y d r o x i d e ,   and  t h e n   w a r m e d  

a t   a b o u t   90°C  f o r   30  m i n u t e s .   A f t e r   c o o l i n g ,   t h e  

s o l u t i o n   was  a d j u s t e d   to   pH  3  w i t h   6 N - h y d r o c h l o r i c   a c i d ,  

and  e x t r a c t e d   w i t h   t h e   m i x e d   s o l v e n t   of   150  ml  of   e t h y l  

a c e t a t e - e t h y l   e t h e r   ( 1 : 1 ) .   The  o r g a n i c   l a y e r   was  w a s h e d  

t w i c e   w i t h   w a t e r   and   t w i c e   w i t h   an  a q u e o u s   s o l u t i o n  

s a t u r a t e d   w i t h   s o d i u m   c h l o r i d e ,   and   c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e   to   g i v e   203  mg  of  2 , 2 ' - p e n t a m e t h y l e n e -  

b i s ( 3 , 6 - d i h y d r o x y - 1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   p o w d e r y  

s u b s t a n c e .  

PMR,  δ  ppm  ( d 6 - D M S O ) :   1 . 2  -   1 . 5   (6H,  m),  2 . 2 7  

(4H,  t ,   J = 7 . 0 H z ) ,   5 . 7 8   (2H,  s ) ,   1 0 . 9  -   1 1 . 4  

(4H,  b r ) .  

E x a m p l e   1 2 6  

200  M i l l i g r a m s   of  2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 -  

d i h y d r o x y - 1 , 4 - b e n z o q u i n o n e ) ,   p r e p a r e d   i n   t he   a b o v e -  

m e n t i o n e d   E x a m p l e   125  was  s u s p e n d e d   in   7  ml  of  t e t r a -  

h y d r o f u r a n   and  t h e r e t o   w e r e   a d d e d   5 . 1   ml  of  a c e t y l  



c h l o r i d e   and   6 . 8   ml  o f   t r i e t h y l a m i n e .   A f t e r   b e i n g   s t i r r e d  

a t   room  t e m p e r a t u r e   o v e r n i g h t ,  t h e   r e a c t i o n   m i x t u r e   w a s  

p o u r e d   i n t o   50  ml  of  i c e - w a t e r ,   and  e x t r a c t e d   w i t h   100  m l  

of   e t h y l   a c e t a t e .   The  o r g a n i c   l a y e r   was  w a s h e d   t w i c e  

w i t h   w a t e r   and   t w i c e   w i t h   an  a q u e o u s   s o l u t i o n   s a t u r a t e d  

w i t h   s o d i u m   c h l o r i d e ,   and   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   and   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   T h e  

r e s i d u e   was   p u r i f i e d   by  m e a n s   of   t h e   p r e p a r a t i v e   t h i n  

l a y e r   c h r o m a t o g r a p h y   ( a d s o r b e n t :   S i l i c a   g e l   60  F 2 5 4 ,   E .  

M e r c k   A.  G . ,   s o l v e n t :   5%  e t h y l   a c e t a t e - d i c h l o r o m e t h a n e )  

to   g i v e   151  mg  of   2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 - d i a c e t o x y -  

1 , 4 - b e n z o q u i n o n e ) .   Y e l l o w   p o w d e r y   s u b s t a n c e .  

PMR,  6  ppm  ( C D C 1 3 ) :   1 . 2  -   1 . 6   (6H,  m) ,   2 . 3 4   (6H,  s ) ,  

2 . 3 6   (6H,  s ) ,   2 . 4 2   (4H,  t ,   J = 6 . 7 H z ) ,   6 . 5 5  

(2H,  s ) .  

E x a m p l e   1 2 7  

By  u s e   o f   t h e   p r o c e d u r e s   s i m i l a r   to   t h o s e  

d e s c r i b e d   i n   E x a m p l e   1 2 6 ,   e x c e p t   t h a t   7  mg  of   2 , 2 ' -  

p e n t a m e t h y l e n e b i s ( 3 - h y d r o x y - 6 - m e t h o x y - 1 , 4 - b e n z o q u i n o n e )  

was   u s e d   i n   p l a c e   o f   2 , 2 ' - p e n t a m e t h y l e n e b i s ( 3 , 6 - d i h y d r o x y -  

1 , 4 - b e n z o q u i n o n e ) ,   t h e r e   was  o b t a i n e d   4  mg  of   2 , 2 ' -  

p e n t a m e t h y l e n e b i s ( 3 - a c e t o x y - 6 - m e t h o x y - 1 , 4 - b e n z o q u i n o n e ) .  

Y e l l o w   o i l y   s u b s t a n c e .  

P M R ,  δ   ppm  ( C D C 1 3 ) :   1 . 2  -   1 . 5   (6H,  m),   2 . 3 6   ( 6 H ,  

s ) ,   2 . 4 1   (4H,  t ,   J = 7 . 4 H z )  ,   3 . 8 4   (6H,  s ) ,  

5 . 8 9   (2H,  s ) .  



P h a r m a c o l o g i c a l   t e s t s   -  

The  r e s u l t s   of   p h a r m a c o l o g i c a l   t e s t s   of   t h e  

p r e s e n t   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e   d e r i v a -  

t i v e s   a r e   shown  b e l o w .   The  t e s t   c o m p o u n d s   u s e d   in   t h e  

t e s t s   a r e   as  f o l l o w s .  







P h a r m a c o l o g i c a l   t e s t  -   1  

5 - L i p o x y g e n a s e   i n h i b i t o r y   a c t i v i t y   o f   t h e   p r e s e n t  

c o m p o u n d s   was  d e t e r m i n e d   by  a  m e t h o d   a c c o r d i n g   to   p r o c e d u r e s  

d e s c r i b e d   i n   " J .   B i o l .   C h e m . ,   V o l .   256 ,   p a g e s   4 1 5 6  -   4 1 5 9 ,  

( 1 9 8 1 ,   I b i d .   V o l .   2 5 8 ,   p a g e s   5 7 5 4  -   5758   ( 1 9 8 3 ) .  

(1)  P r e p a r a t i o n   o f   t e s t   c e l l s  

A  g u i n e a   p i g   ( H a r t l e y   s t r a i n )   ( 5 0 0  -   650  g  b o d y  

w e i g h t )   was  i n t r a p e r i t o n e a l l y   a d m i n i s t e r e d   w i t h   2 % - c a s e i n  

s o l u t i o n   i n   an  a m o u n t   of   3 / 5 0   b o d y   w e i g h t .   14  H o u r s  

a f t e r   t h e   a d m i n i s t r a t i o n ,   t h e   a n i m a l   was  k i l l e d   by  l e t t i n g  

t h e   b l o o d ,   and  t h e   a b d o m i n a l   c a v i t y   was  w a s h e d   w i t h  

D u l b e c c o ' s   p h o s p h a t e   b u f f e r e d   s a l i n e   (PBS)  c o n t a i n i n g  

3U/ml   of   h e p a r i n   and   t h e   i n f i l t r a t e d   c e l l s   w e r e   s a m p l e d .  

The  s a m p l e   of   c e l l s   was  w a s h e d   t w i c e   w i t h   D u l b e c c o ' s  



PBS  ( - ) ,   t h e n   t h e   c e l l s   w e r e   s u s p e n d e d   i n   D u l b e c c o ' s  

PBS  ( - )  ,   c o n t a i n i n g   1  mM  of   c a l c i u m   c h l o r i d e   and  5 .5   mM 

of  g l u c o s e ,   so  as  to   make  a  s u s p e n s i o n   h a v i n g   t h e  

c o n c e n t r a t i o n   of  2 .5   x  107  c e l l s / m l .  

(2)  E n z y m a t i c   r e a c t i o n  

To  0 .2   ml  of   t h e   a b o v e - m e n t i o n e d   c e l l   s u s p e n s i o n  

was  a d d e d   10-5M  of   I n d o m e t h a c i n e ,   and  i n c u b a t e d   a t   3 0 ° C  

f o r   2  m i n u t e s .   Each   of   t h e   p r e d e t e r m i n e d   c o n c e n t r a t i o n s  

of   t e s t   c o m p o u n d s   was  a d d e d   to   t h e   s u s p e n s i o n   r e s p e c t i v e l y ,  

f u r t h e r   i n c u b a t e d  f o r   2  m i n u t e s .   N e x t ,   10  m i c r o m o l e s  

of   I o n o p h o r e   A23187  ( m a n u f a c t u r e d   by  C a l b i o c h e m - B e h r i n g ,  

San  D i a g o ,   C a l i f o r n i a ,   U.  S.  A)  was  a d d e d   to   t h e   s u s p e n s i o n ,  

f u r t h e r ,   10  m i c r o m o l e s   of   1 4  C - a r a c h i d o n i c   a c i d   ( m a n u -  

f a c t u r e d   by  A m e r s h a m   J a p a n ,   L t d . ,   T o k y o ,   J a p a n )   w a s  

a d d e d   and  i n i t i a t e d   t h e   r e a c t i o n .   3  M i n u t e s   a f t e r   t h e  

i n i t i a t i o n   of  t he   r e a c t i o n ,   0 . 1   ml  of   0 . 2   M - c i t r i c   a c i d  

was  a d d e d   so  as  to   c e a s e   t h e   r e a c t i o n .   1 . 2   M i l l i l i t e r s  

of   e t h y l   a c e t a t e   was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e   a n d  

s h a k e d   f o r   5  m i n u t e s .   The  r e a c t i o n   m i x t u r e   was  c e n t r i f u g e d  

a t   3 , 0 0 0   rpm  f o r   5  m i n u t e s   so  as  to   s e p a r a t e   t h e   o r g a n i c  

l a y e r   f r o m   t h e   a q u e o u s   l a y e r .   1  M i l l i l i t e r   of   t h e   o r g a n i c  

l a y e r   ( t h e   u p p e r   l a y e r )   was  d e h y d r a t e d   by  p a s s i n g   t h r o u g h  

a  m i n i - c o l u m n   p a c k e d   w i t h   a n h y d r o u s   s o d i u m   s u l f a t e .   T h e  

d e h y d r a t e d   o r g a n i c   l a y e r   was  d r i e d   u n d e r   n i t r o g e n   g a s  

s t r e a m   c o n d i t i o n s .   The  r e s i d u e   o b t a i n e d   was  d i s s o l v e d  

in  60  ml  of   e t h y l   a c e t a t e ,   and  t h e   t o t a l   a m o u n t   of  t h e  

e t h y l   a c e t a t e   s o l u t i o n   was  t r e a t e d   by  t h i n   l a y e r  



c h r o m o c h r o m a t o g r a p h y   (TCL)  ( m a n u f a c t u r e d   by  E.  M e r c k  

A.  G . ) .   The  p l a t e   o f   TCL  w a s  d e v e l o p e d   w i t h   a  m i x e d  

s o l v e n t   of  d i e t h y l   e t h e r  :   p e t r o l e u m   e t h e r  :   a c e t i c   a c i d  

( 5 0  :   5 0  :   1  v o l u m e / v o l u m e ) ,   t h e n   d e t e r m i n e d   t h e   p r o p e r  

p o s i t i o n s   o f   e a c h   o f   t h e   r e a c t i o n   p r o d u c t s   ( m e t a b o l i z e d  

p r o d u c t s )   on  t h e   p l a t e   by  u s i n g   " U l t r a f i l m   3H"  (a  t r a d e -  

m a r k   f o r   a  X - r a y   f i l m ,   m a n u f a c t u r e d   by  LKB  C o . ) .   E a c h  

f r a c t i o n s   was  c o l l e c t e d   f r o m   t h e   p l a t e   and  p l a c e d   in   a  

s c i n t i l l a t i o n   V i a l ,   and  5  ml  of   " S c i n t i l a t o r   A C S - I I "  

( m a n u f a c t u r e d   by  A m e r s h a m   J a p a n ,   L t d . ) ,   t h e n   t h e   r a d i o -  

a c t i v i t y   was  d e t e r m i n e d   by  means   o f   a  l i q u i d   s c i n t i l l a t i o n  

c o u n t e r .  

The  e n z y m a t i c   a c t i v i t y   i s   s h o w n   as  i n h i b i t i o n  

r a t i o   (%)  o f   t h e   f o r m a t i o n   of   m e t a b o l i t e   [ 5 - h y d r o x y -  

e i c o s a t e t r a e n o i c   a c i d   ( 5 - H E T E ) ]   o f   a r a c h i d o n i c   a c i d .  

IC50  o f   n o r d i h y d r o g u a i a r e t i c   a c i d   (NDGA)  in   t h i s   r e a c t i o n  

s y s t e m   i s   1  to   2  m i c r o m o l e s .  

The  r e s u l t s   a r e   shown   i n   T a b l e   1  as  f o l l o w s .  





P h a r m a c o l o g i c a l   t e s t  -   2 

I n h i b i t o r y   a c t i v i t i e s  o n   SRS-A  and   h i s t a m i n e  

of  t h e   p r e s e n t   c o m p o u n d s   w e r e   d e t e r m i n e d .  

A  m a l e   g u i n e a   p i g   ( H a r t l e y   s t r a i n )   ( body   w e i g h t :  

a b o u t   300  g)  was  s e n s i t i z e d   by  a  m e t h o d   a c c o r d i n g   to   P .  

A n d e r s o n :   " I n t .   A r c h s .   A l l e r g e y   a p p l n .   I m m u n o l . ,   V o l .   6 4 ,  

p a g e s   2 4 9  -   258  ( 1 9 8 1 ) .   T h u s ,   30  m g / k g   o f   c y c l o p h o s p h a m i d e  

was  i n t r a p e r i t o n e a l l y   a d m i n i s t e r e d   t o   t h e   g u i n e a   p i g ,  

and  2  d a y s   a f t e r   1  m i c r o g r a m   of   o v a l b u m i n   ( m a n u f a c t u r e d  

by  S i g m a   C h e m i c a l   C o . ,   S t .   L o u i s ,   Mo.  U.  S.  A.)   t o g e t h e r  

w i t h   10  mg  of   a l u m i n i u m   h y d r o x i d e   g e l   w e r e   i n t r a p e r i t o n e a l l y  

a d m i n i s t e r e d   so  as  to   h a v e   t h e   a n i m a l   s e s i t i z e d .  

50  Days   a f t e r   t h e   s e s i t i z a t i o n ,   t h e   a n i m a l   w a s  

k i l l e d   by  b l o o d - l e t t i n g ,   a n d   t h e   l u g   was  e n u c l e a t e d  

f r o m   t h e   a n i m a l   and   was  p e r f u s e d   w i t h   20  ml  of  T y r o d e ' s  

s o l u t i o n ,   t h e n   i m m e r s e d   i n   an  i c e - c o o l e d   T y r o d e ' s   s o l u t i o n .  

The  p a r e n c h y m a   of   t h e   l u n g   was  c u t   by  u s i n g   M c I l w a i n - t y p e  

t i s s u e   c h o p p e r   to   make  i t   i n t o   s e c t i l e s   of   l u n g   h a v i n g  

2  mm  s q u a r e   and  t h e   s e c t i l e s   w e r e   w a s h e d   w i t h   T y r o d e ' s  

s o l u t i o n .   400  M i l l i g r a m s   o f   s e c t i l e s   o f   l u n g   w e r e  

s u s p e n d e d   i n   3 .6   ml  of  T y r o d e ' s   s o l u t i o n ,   and  t h i s   s u s -  

p e n s i o n   was   p r e i n c u b a t e d   a t   37°C  f o r   5  m i n u t e s ,   t h e n   4 

m i c r o l i t e r s   o f   d i m e t h y l   s u l f o x i d e   s o l u t i o n   o f   t h e   t e s t  

c o m p o u n d ,   i n   t h e   c a s e   of   c o n t r o l   4  m i c r o l i t e r s   of   d i m e t h y l  

s u l f o x i d e   a l o n e   was  a d d e d   t o   t h e   s u s p e n s i o n .   5  M i n u t e s  

a f t e r ,   0 . 4   ml  o f   100  m i c r o g r a m s / m l   of   o v a l b u m i n   s o l u t i o n  

a d d e d   so  as  to   r e l e a s e   SRS-A  f o r   10  m i n u t e s .   The  s u s -  

p e n s i o n   was   i c e - c o o l e d   and  f i l t e r e d   t h r o u g h   g a u z e ,   t h e  



f i l t r a t e   was  c e n t r i f u g e d   a t   2 , 0 0 0   rpm  f o r   10  m i n u t e s   a n d  

t h e   s u p e r n a t a n t   was  c o l l e c t e d .  T h e   s u p e r n a t a n t   w a s  

s t o r e d   i n   f r e e z e d   s t a t e   a t   - 8 0 ° C   u n t i l   b i o - a s s a y   w a s  

c o n d u c t e d .  

A m o u n t s   of   SRS-A  and  h i s t a m i n e   c o n t a i n e d   i n   t h e  

s u p e r n a t a n t   w e r e   d e t e r m i n e d   by  b i o - a s s a y   u s i n g   i l e u m   o f  

g u i n e a   p i g .  

A  p i e c e   of   t h e   i l e u m   ( 2  -   3  cm  of   l e n g t h )  

p o s i t i o n e d   f r o m   1 5  -   25  cm  f rom  t h e   o p e n i n g   p o r t i o n   o f  

i l e o c e c u m   was  e n u c l e a t e d   f r o m   a  m a l e   g u i n e a   p i g   ( H a r t l e y  

s t r a i n )   (body   w e i g h t :   4 0 0  -   600  g)  w h i c h   was  f a s t e d   f o r  

24  h o u r s .   The  p i e c e   of   i l e u m   was  h a n g e d   v e r t i c a l l y   i n  

a  Magnus   t u b e   w h i c h   was  f i l l e d   w i t h   10  ml  of   T y r o d e ' s  

s o l u t i o n   c o n t a i n i n g   1 0 - 7   M  of  a t r o p i n e   s u l f a t e   u n d e r   a i r  

s t r e a m   c o n d i t i o n s .   The  i s o t o n i c   c o n t r a c t i o n   of   t h e  

p i e c e   of  t h e   i l e u m   was  m e a s u r e d   a t   0 . 5   g  of  l o a d   by  u s i n g  

an  i s o t o n i c   t r a n s d u c e r   " T D - 1 1 2 S "   ( m a n u f a c t u r e d   by  N i h o n  

Koden  C o . ,   L t d . ) .   The  m e a s u r e m e n t s   w e r e   c a r r i e d   o u t  

a f t e r   t h e   r e a c t i o n   t o   h i s t a m i n e   of  t h e   p i e c e   of  i l e u m  

was  k e p t   c o n s t a n t .   I n h i b i t o r y   a c t i v i t y   on  h i s t a m i n e  

was  m e a s u r e d   by  u s i n g   t h e   v a l u e   of  c o n t r a c t i o n   shown   a t  

30  s e c o n d s   a f t e r   t h e   a d d i t i o n   of  t h e   s u p e r n a t a n t .  

I n h i b i t o r y   a c t i v i t y   on  SRS-A  was  m e a s u r e d   by  u s i n g   t h e  

v a l u e   of  c o n t r a c t i o n   shown  a t   2  m i n u t e s   a f t e r   t h e   a d d i t i o n  

of  t h e   s u p e r n a t a n t   i n   t h e   p r e s e n c e   of  10 -6   M  of  p y r i l a m i n e  

( m a n u f a c t u r e d   by  S igma   C h e m i c a l   C o . ) ,   and  c o m p a r e d   w i t h  

t h e   s t a n d a r d   c u r v e   of  c r u d e   SRS-A  r e l e a s e d   f rom  t h e  

s e c t i l e s   of  t h e   l u n g .   The  r e s u l t s   a r e   shown   i n   T a b l e s  



2A  and  2B  as   f o l l o w s .  









P h a r m a c o l o g i c a l   t e s t  -   3 

SRS-A  and   h i s t a m i n e   r e l e a s i n g   i n h i b i t i o n   t e s t  

on  a n a p h y l a x i s   i n   a b d o m i n a l   c a v i t y   of   r a t s .  

M a l e   or   f e m a l e   r a t s   ( S p r a g u e - D a w l e y   s t r a i n ,  

d e l i v e r e d   f r o m   C h a r l e s   R i v e r ,   J a p a n   L t d . ,   T o k y o )   of   6  -  7  

w e e k   age   w e r e   u s e d   as   t h e   t e s t   a n i m a l s .   The  t e s t   a n i m a l s  

w e r e   d e v i d e d   i n t o   a  g r o u p   c o n s i s t i n g   of   6  a n i m a l s   i n   o n e  

g r o u p   d e p e n d i n g   on  t h e i r   b o d y   w e i g h t .   The  a n i m a l s   w e r e  

f a s t e d   o v e r n i g h t .   The  t e s t   was  c o n d u c t e d   by  a  m e t h o d  

a c c o r d i n g   t o   P .   T.  O r e n g e   e t   a l . :   " J .   I m m u n o l . ,   V o l .   1 0 5 " ,  

p a g e s   1 0 8 7  -   1095  ( 1 9 7 0 ) .  

1  M i l l i l i t e r   e a c h   of   t w o f o l d   d i l u t e d   a n t i -  

o v a l b u m i n   s e r m   of   r a t   was  i n t r a p e r i t o n e a l l y   i n j e c t e d  

t o   e a c h   o f   t h e   t e s t   a n i m a l   so  as  to   h a v e   t h e   r a t   s e n s i t i z e d .  

2  H o u r s   a f t e r   t h e   s e n s i t i z a t i o n ,   5  ml  of   T y r o d e ' s  

s o l u t i o n   c o n t a i n i n g   2  mg  of  o v a l b u m i n   and   250  m i c r o g r a m s  

of  h e p a r i n   s o d i u m   was  i n t r a p e r i t o n e a l l y   a d m i n i s t e r e d   t o  

t h e   t e s t   a n i m a l   t o   c a u s e   a n a p h y l a x i s .   5  M i n u t e s   a f t e r ,  

t h e   t e s t   a n i m a l   was  b e a t t e n   a t   i t s   o c c i p u t   and   was  k i l l e d  

due  t o   b l o o d - l e t t i n g   by  i n c i s e i n   p o s t e r i o r   r e g i o n   o f  

n e c k .   A d d i t i o n a l   5  m i n u t e s   l a t e r ,   t h e   a b d o m i n a l   f l u i d  

was   c o l l e c t e d   f r o m   t h e   o p e n i n g   o f   t h e   a b d o m e n .   The  f l u i d  

c o l l e c t e d   was  c e n t r i f u g e d   a t   4°C,   f i r s t   a t   800  rpm,   t h e n  

a t   2 , 5 0 0   rpm  and  t h e   s u p e r   n a t a n t   was  c o l l e c t e d ,   a n d  

s t o r e d   a t   - 8 0 ° C   u n t i l   t h e   b i o a s s a y   was  c o n d u c t e d .  

T e s t   c o m p o u n d   was  s u s p e n d e d   i n   5%-gum  a r a b i c  

a q u e o u s   s o l u t i o n   and  o r a l l y   a d m i n i s t e r e d   i n   t h e   r a t e   o f  

5  m l / k g   3  h o u r s   b e f o r e   t h e   a n a p h y l a z i s   was  c a u s e d .  



As  to   t h e   c o n t r o l   t e s t ,   5 % - g u m  a r a b i c   a q u e o u s   s o l u t i o n  

a l o n e   was  a d m i n i s t e r e d .  

The  a m o u n t   of   SRS-A  and  h i s t a m i n e   c o n t a i n e d   i n  

t h e   c o l l e c t e d   a b d o m i n a l   f l u i d   was  m e a s u r e d   by  a  m e t h o d  

s i m i l a r   to   t h a t   e m p l o y e d   in   P h a r m a c o l o g i c a l   t e s t - 2 .  

B i o - a s s a y   of   t h e   c o l l e c t e d   a b d o m i n a l   f l u i d  

was  c o n d u c t e d   by  u s i n g   i l e u m   of  g u i n e a   p i g   w h i c h   w a s  

t r e a t e d   w i t h   a t r o p i n e .   T h u s ,   a  p i e c e   of   t h e   i l e u m  

( 2  -   3  cm  of  l e n g t h )   p o s i t i o n e d   f rom  1 5  -   25  cm  f r o m   t h e  

o p e n i n g   p o r t i o n   of  i l e o c e c u m   was  e n u l c e a t e d   f r o m   a  g u i n e a  

p i g   w h i c h   was  f a s t e d   o v e r n i g h t .   The  p i e c e   of   i l e u m   w a s  

h a n g e d   v e r t i c a l l   i n   an  o r g a n   b a t h   w h i c h   was  f i l l e d   w i t h  

10  ml  of   T y r o d e ' s   s o l u t i o n   c o n t a i n i n g   10 -7   M  of   a t r o p i n e  

s u l f a t e   u n d e r   a i r   s t r e a m   c o n d i t i o n s .   The  i s o t o n i c  

c o n t r a c t i o n   of   t h e   p i e c e   of  t h e   i l e u m   was  m e a s u r e d   a t  

0 .5   g  of  l o a d   by  u s i n g   an  i s o t o n i c   t r a n s d u c e r   " T D - 1 1 2 S "  

( m a n u f a c t u r e d   by  N i h o n   Koden   C o . ,   L t d . ) .   The  m e a s u r e m e n t s  

w e r e   r e c o r d e d   on  an  i n k - w r i t i n g   r e c o r d e r .  

A f t e r   s t a b i l i z a t i o n   of  t h e   c o n t r a c t i o n   r e a c t i o n  

due  to   h i s t m i n e ,   t h e   a m o u n t   of   h i s t a m i n e   was  m e a s u r e d  

q u a n t i t a t i v e l y   by  o b s e r v i n g   t h e   c o n t r a c t i o n   o f   t h e   p i e c e  

of  t h e   i l e u m   s h o w n   w i t h i n   30  s e c o n d s   a f t e r   a d d i t i o n   o f  

0 . 0 5  -   0 . 4   ml  of  t h e   a b d o m i n a l   f l u i d .  

The  a m o u n t   of  SRS-A  was  m e a s u r e d   by  u s i n g   t h e  

v a l u e   of   c o n t r a c t i o n   shown   a f t e r   t h e   a d d i t i o n   of   0 . 2  -  

0 .5   ml  of  t he   c o l l e c t e d   f l u i d   in   t h e   p r e s e n c e   of  1 0   M 

of  p y r i l a m i n e   ( a n t i h i s t a m i n i c   a g e n t ) ,   s a i d   v a l u e   of   t h e  

c o n t r a c t i o n   was  c a l c u l a t e d   as  c o n t r a c t i o n   a c t i v i t y   c a u s e d  



by  5  mg  of   h i s t a m i n e .  

The  a n t i o v a l b u m i n   s e r u m   u s e d   i n   t h i s   t e s t   w a s  

p r e p a r e d   by  i n t r a m u s c u l a r l y   i n j e c t e d   1  mg  of  o v a l b u m i n  

to   S D - s t r a i n   r a t   o f   8  week  a g e ,   t h e n   2  x  1010  c e l l s   o f  

k i l l e d   B o r d e t e l l a   p e r t u s i s   was  i n t r a p e r i t o n e a l l y   i n j e c t e d  

and   c o l l e c t e d   14  d a y s   a f t e r   t h e   i n j e c t i o n .   T h i s   s e r u m  

s h o w s   2 5 6 - f o l d   p o t e n c y   i n   48  h o u r s - P C A   r e a c t i o n ,   a n d  

r e d u c e s   4 - f o l d   o f   p o t e n c y   by  t r e a t m e n t   o f   h e a t i n g   a t   5 6 ° C  

f o r   2  h o u r s .  

The  r e s u l t s   of   i n h i b i t o r y   r a t e   (%)  of  h i s t a m i n e  

and  SRS-A  a r e   s h o w n   i n   T a b l e   3  as  f o l l o w s .  

E x a m p l e s   of   p r e p a r a t i o n   o f   p h a r m a c e u t i c a l   c o m p o s i t i o n s :  

P r e p a r a t i o n   o f   t a b l e t s  -   1  



By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d  f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   t a b l e t s  -   2 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   t a b l e t s  -   3 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  



P r e p a r a t i o n   of   t a b l e t s  -   4  

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   t a b l e t s  -   5 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   t a b l e t s  -   6 



By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   t a b l e t s  -   7 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of  t a b l e t s  -   8 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - f o r m u l a t i o n   was  p r e p a r e d .  



P r e p a r a t i o n   o f   t a b l e t s  - 9  

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   o f   t a b l e t s  -   1 0  

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   t a b l e t  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   o f   a e r o s o l  -   1  



By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   c y l i n d e r  

c o n t a i n i n g   t he   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of  a e r o s o l  -   2 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   c y l i n d e r  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  

P r e p a r a t i o n   of   a e r o s o l  -   3 

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   c y l i n d e r  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  



P r e p a r a t i o n   o f   a e r o s o l   -  4  

By  u s i n g   a  c o n v e n t i o n a l   m e t h o d ,   e a c h   c y l i n d e r  

c o n t a i n i n g   t h e   a b o v e - m e n t i o n e d   f o r m u l a t i o n   was  p r e p a r e d .  



1.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   and  b e n z e n e  

d e r i v a t i v e s   r e p r e s e n t e d   b y  

1)  t he   g e n e r a l   f o r m u l a   ( 1 ) ,  

[ w h e r e i n   R1  i s   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  

an  amino   g r o u p ,   a  h y d r o x y l   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ;   R2  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r  

a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l  

g r o u p ,   a  l o w e r   a l k y l t h i o   g r o u p   or   a  h y d r o x y - l o w e r   a l k y l  

g r o u p ;   R3  i s   a  h y d r o x y l   g r o u p ,   a  l o w e r   a l k y l   g r o u p ,   a  

l o w e r   a l k o x y   g r o u p ,   an  amino   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ;   A  a n d  D   a r e   e a c h   an  a l k y l e n e   c r o u p   h a v i n g   1  to   10  

c a r b o n   a t o m s ;   B  i s   a  g r o u p   of  t he   f o r m u l a   - C H = C H - ,  -  

-C≡C-   or   - C H ( O H ) - C H ( O H ) - ; l   and  m  a r e   e a c h   z e r o   or   1 ;  

and  E  i s   a  g r o u p   of   t h e   f o r m u l a ,  



( ( w h e r e i n   R4  i s   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  

an  a m i n o   g r o u p ,   a  h y d r o x y l   g r o u p   or  a  l o w e r   a l k a n o y l o x y  

g r o u p ;   R5  i s   a  h y d r o g e n   a t o m ,  a   h a l o g e n   a t o m ,   a  l o w e r  

a l k y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  a   l o w e r   a l k o x y - c a r b o n y l  

g r o u p ,   a  l o w e r   a l k y l t h i o   g r o u p ,   a  h y d r o x y - l o w e r   a l k y l  

g r o u p ,   a  g r o u p   of   t h e   f o r m u l a   - G - C ≡ C - R 7   ( w h e r e i n   G  i s   a  

l o w e r   a l k y l e n e   g r o u p ;   and   R7  i s  a   l o w e r   a l k y l   g r o u p ) ;  

o r   a  g r o u p   o f   t h e   f o r m u l a ,  

( w h e r e i n   L  i s   a  l o w e r   a l k y l e n e   g r o u p ;   and  R8  and  R9  a r e  

e a c h   a  l o w e r   a l k o x y   g r o u p ) ;   R6  i s   a  l o w e r   a l k y l   g r o u p ,  

a  h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   an  a m i n o   g r o u p  

or   a  l o w e r   a l k a n o y l o x y   g r o u p ) )   or   a  g r o u p   of   t h e   f o r m u l a ,  

( w h e r e i n   R10  i s   a  h y d r o g e n   a t o m   or   a  m e t h y l   g r o u p ) ,  

and   w h e n  l  i s   z e r o ,   t h e n   e i t h e r   one  or   b o t h   of   t h e   a l k y l e :  

g r o u p   h a v i n g   1  to  10  c a r b o n   a t o m s   r e p r e s e n t e d   by  t h e  

s y m b o l s   A  and  D  may  h a v e   an  o x y g e n   a t o m ,   s u l f u r   a tom  o r  

a  g r o u p   o f   t h e   f o r m u l a   - S - S -   as  h e t e r o   a t o m s   i n   t h e  

a l k y l e n e   c h a i n ;   p r o v i d e d   t h a t   when  E  i s   a  g r o u p   of   t h e  



f o r m u l a ,  

t h e n   A  and  D  a r e   e a c h   a  h e p t a m e t h y l e n e   g r o u p ;  l   and  m 

a r e   e a c h   1;  B  i s   a  g r o u p   of   t h e   f o r m u l a   -CH=CH-;   R1  i s   a  

m e t h o x y   g r o u p ;   R2  i s   a  h y d r o g e n   a tom;   and  R3  i s   a  h y d r o x y l  

g r o u p ;   f u r t h e r m o r e ,   when   m  i s   1,  t h e n  l   i s   z e r o   or   1;  a n d  

when   m  i s   z e r o   t h e n  l   i s   z e r o ] ,   p r o v i d e d   t h a t ,  

( i )   w h e n  l   i s   z e r o ,   t h e n   t h e   sum  of  n u m b e r   of   t he   c a r b o n  

a t o m s   in   t h e   a l k y l e n e   g r o u p s   o f  A   and  D  i s   1  to   1 2 ;  

( i i )   w h e n  B   i s   a  g r o u p   of  t h e   f o r m u l a   - C ≡ C - ,   t h e n  

(a)  R1  and  R4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  

(b)  R2,  R3,  R   and  R6  s h o u l d   n o t   be  h y d r o g e n  

a t o m s ,   f u r t h e r ,  

(c)  A  and  D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ;  

( i i i )   w h e n  B   i s   a  g r o u p   of   t h e   f o r m u l a   -CH=CH- ,   t h e n  

(a)  in   t h e   c a s e   of  a n y  o n e   of  R 1  a n d   R4  i s   a  

l o w e r   a l k o x y   g r o u p ,   t h e n   o t h e r   one  s h o u l d   n o t   be  a  l o w e r  

a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ,  

(b)  in   t h e   c a s e   of   a n y  o n e   of  R2  and  R5  i s   a  

h y d r o g e n   atom  or  a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n e  

s h o u l d   n o t   be  a  h y d r o g e n   a t o m ,  

(c)  in   t he   c a s e   of  a n y  o n e   of  R   and  R6  i s   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p   or  a  l o w e r   a l k a n o y l -  

oxy  g r o u p ,   t h e n   t h e   o t h e r   one  s h o u l d   n o t   be  a  h y d r o x y l  



g r o u p   or   a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

(d)  A  and   D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ,   o r  

2)  t h e   g e n e r a l   f o r m u l a   ( 2 ) ,  

[ w h e r e i n   R11  i s   a  h y d r o x y l   g r o u p   o r   a  l o w e r   a l k o x y   g r o u p ;  

R12  i s   a  h y d r o g e n   a t o m ,   a  h y d r o x y   g r o u p   or   a  l o w e r   a l k o x y  

g r o u p ;   R13  i s   a  h y d r o g e n   a tom  or   an  a l k y l   g r o u p   h a v i n g   1  

t o   8  c a r b o n   a t o m s ;   M  i s   an  a l k y l e n e   g r o u p   h a v i n g   1  t o   1 0  

c a r b o n   a t o m s ;   Q  i s   a  g r o u p   of   t h e   f o r m u l a   -CH=CH- ,   - C ≡ C - ,  

or   - C H 2 - C H 2 - ,   p r o v i d e d   t h a t ,  

( i )   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   or   a  h y d r o x y l   g r o u p ,  

and   R12  i s   a  h y d r o x y l   g r o u p   o r   a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of   t h e   f o r m u l a   -M-Q-R13   s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   o r   a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   and   R12  i s   a  h y d r o x y l  

g r o u p ,   t h e n   a  g r o u p   of   t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   b e  

a  8 - h e p t a d e c a n y l   g r o u p ,   o r  

3)  t h e   g e n e r a l   f o r m u l a   ( 3 ) ,  



[ w h e r e i n   R1,  R2,  R3,  A,  B,  D ,  l   and  m  a r e   t h e   same  a s  

d e f i n e d   a b o v e ;   R14  and  R15  a r e   e a c h   a  h y d r o g e n   a t o m ,   a  

m e t h o x y m e t h y l   g r o u p   or  a  l o w e r   a l k a n o y l   g r o u p ;   E1  i s   a  

g r o u p   of  t h e   f o r m u l a ,  

( ( w h e r e i n   R4  and  R6  a r e   t h e   same  as  d e f i n e d   a b o v e ;   R16 

and  R17  a r e   e a c h   a  h y d r o g e n   a t o m ,   a  m e t h o x y m e t h y l   g r o u p  

or   a  l o w e r   a l k a n o y l   g r o u p ;   R5a  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n  

a t o m ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,  

a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k y l t h i o   g r o u p ,   a  h y d r o x y -  

l o w e r   a l k y l   g r o u p ,   a  g r o u p   of  t h e   f o r m u l a   - G - C ≡ C - R 7  

( w h e r e i n   G  i s   a  l o w e r   a l k y l e n e   g r o u p ;   R7  i s   a  l o w e r   a l k y l  

g r o u p ) ,   or  a  g r o u p   of  t h e   f o r m u l a ,  



( w h e r e i n   L,  R8  and   R9  a r e   t h e   s a m e   as  d e f i n e d   a b o v e ;   R18  

and  R19  a r e   e a c h   a  h y d r o g e n   atom.,   a  m e t h o x y m e t h y l   g r o u p  

or  a  l o w e r   a l k a n o y l   g r o u p ) ) ) ,   o r   a  g r o u p   of  t h e   f o r m u l a ,  

( w h e r e i n   R10  i s   t h e   same  as  d e f i n e d   a b o v e ) ,   p r o v i d e d   t h a t  

( i )   w h e n  l   i s   z e r o ,   t h e n   a l k y l e n e   g r o u p s   h a v i n g   1  to   10  

c a r b o n   a t o m s   r e p r e s e n t e d   by  t h e   s y m b o l s   A  and  D  may  h a v e  

an  o x y g e n   a t o m ,   s u l f u r   a tom  or   a  g r o u p   of   t h e   f o r m u l a  

- S - S -   as  h e t e r o   a t o m s   i n   t h e   a l k y l e n e   c h a i n ;  

( i i )   when  t h e   s y m b o l   E  i s   a  g r o u p   o f   t h e   f o r m u l a  

t h e n   A  and  D  a r e   h e p t a m e t h y l e n e   g r o u p s ,   r e s p e c t i v e l y ,  

l  i s   1,  m  i s   1,  R1  i s   a  m e t h o x y   g r o u p ,   R 2  i s   a  h y d r o g e n  

a t o m ,   and  R3  i s   a  h y d r o x y l   g r o u p ;  

( i i i )   when  m  i s   1,  t h e n  l   i s   z e r o   or   1,  and  when  m  i s  

z e r o ,   t h e n  l   i s   z e r o ;   a n d  

( i v )   w h e n  l   i s   z e r o ,   t h e n   t h e   sum  of   n u m b e r   of   t h e   c a r b o n  

a t o m   in   t h e   a l k y l e n e   g r o u p s   of   A  and   D  i s   1  to   1 2 ;  

(v)  when   B  i s   a  g r o u p   of   t h e   f o r m u l a   - C ≡ C - ,   t h e n  

(a)  R1  and  R4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  

(b)  R2,  R3,  R5a ,   R  s h o u l d   n o t   be  h y d r o g e n   a t o m s ,  

f u r t h e r ,  

(c)  A  a n d  D   s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ;  

( v i )   when  B  i s   a  g r o u p   of  t h e   f o r m u l a   -CH=CH- ,   t h e n  



(a)  i n   t h e   c a s e   of  a n y  o n e   of  R1  and  R4  i s   a  

l o w e r   a l k o x y   g r o u p ,   t h e n   the   o t h e r  o n e   s h o u l d   n o t   be  a  

l o w e r   a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ,  

(b)  i n   t h e   c a s e   of  a n y  o n e   of  R2  and  R5a  i s   a  

h y d r o g e n   a t o m   or   a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n e  

s h o u l d   n o t   be  a  h y d r o g e n   a t o m ,  

(c)  i n   t h e   c a s e   of  a n y  o n e   of  R3  and  R6  i s   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p   or  a  l o w e r   a l k a n o y l o x y  

g r o u p ,   t h e n   t h e   o t h e r   one  s h o u l d   n o t   be  a  h y d r o x y   g r o u p  

or   a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

(d)  A  and   D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s  

r e s p e c t i v e l y ,   o r  

4)  t h e   g e n e r a l   f o r m u l a   ( 4 ) ,  

[ w h e r e i n   R11,   R12 ,   R13,   M  and  Q  a r e  t h e   same  a s  d e f i n e d  

a b o v e ;   and  R20  and   R21  a r e   e a c h   a  h y d r o g e n   a tom  or   a  

m e t h o x y m e t h y l   g r o u p ] ,   p r o v i d e d   t h a t ,  

(i)   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   or   a  h y d r o x y l   g r o u p ,  

and  R12  i s   a  h y d r o x y l   g r o u p   or  a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of  t h e   f o r m u l a   -M-Q-R13  s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   or  a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   and  R12  i s   a  h y d r o x y l  



g r o u p ,   t h e n   a  g r o u p   of   t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   b e  

2  8 - h e p t a d e c a n y l   g r o u p .  

2.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m  

1,  w h e r e i n   t h e   b e n z o q u i n o n e   d e r i v a t i v e s   or   p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t s   t h e r e o f   a r e   c o m p o u n d s   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a   ( 1 ) ,  

[ w h e r e i n   A,  B ,  l   and  m  a r e   t h e   same  as  d e f i n e d   a b o v e ,   R1 

i s   a  C 1 - 6 - a l k y l   g r o u p ,   a  C 3 - 6 - a l k o x y   g r o u p ,   an  a m i n o  

g r o u p ,   a  h y d r o x y l   g r o u p   or   a  C 1 - 6 - a l k a n o y l o x y   g r o u p ;   R2 

i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  C 1 - 6 - a l k y l   g r o u p ,  

a  C 1 - 6 - a l k o x y   g r o u p ,   a  C 2 - 7 - a l k o x y c a r b o n y l   g r o u p ,   a  C 1 - 6 -  

a l k y l t h i o   g r o u p   or   a  h y d r o x y - C 1 - 6 - a l k y l   g r o u p ;   R3  i s   a  

h y d r o x y l   g r o u p ,   C 1 - 6 - a l k y l   g r o u p ,   C 1 - 6 - a l k o x y   g r o u p ,   a n  

a m i n o   g r o u p   or   a  C 1 - 6 - a l k a n o y l o x y   g r o u p ;   E  i s   a  g r o u p  

of   t h e   f o r m u l a ,  

( ( w h e r e i n   R4  i s   a  C 1 - 6 - a l k y l   g r o u p ,   C 1 - 6 - a l k o x y   g r o u p ,  

an  amino   g r o u p ,   a  h y d r o x y l   g r o u p   or   a  C 1 - 6 - a l k a n o y l o x y  

g r o u p ;   R5  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  C 1 - 6 - a l k y l  



g r o u p ,   C 1 - 6 - a l k o x y   g r o u p ,   C 2 - 7 - a l k o x y c a r b o n y l   g r o u p ,  

C 1 - 6 - a l k y l t h i o   g r o u p ,   a  h y d r o x y - C 1 - 6 - a l k y l   g r o u p ,   a  g r o u p  

of  t h e   f o r m u l a   - G - C ≡ C - R 7  ( w h e r e i n   G  i s   a  C 1 - 6 - a l k y l e n e  

g r o u p ;   R7  i s   a  C 1 - 6 - a l k y l   g r o u p ) ,   o r  a   g r o u p  o f   t h e   f o r m u l a ,  

( w h e r e i n   L  i s   a  C 1 - 6 - a l k y l e n e   g r o u p ;   R8  and  R9  a r e   e a c h   a  

C 1 - 6 - a l k o x y   g r o u p ) ;   R6  i s  a   C 1 - 6 - a l k y l   g r o u p ,   a  h y d r o x y l  

g r o u p ,   a  C 1 - 6 - a l k o x y   g r o u p ,   an  a m i n o   g r o u p   or   a  C 1 - 6 -  

a l k a n o y l o x y   g r o u p ) ) ) ,   or  a  g r o u p   of  t he   f o r m u l a  

( w h e r e i n   R10  i s   t h e   same  as  d e f i n e d   a b o v e ) ,  

and  when  l,  i s   z e r o ,   t h e n   e i t h e r   one  or   b o t h   of   t h e   C 1 - 1 0  

a l k y l e n e   g r o u p   r e p r e s e n t e d   by  t h e   s y m b o l s   A  and  D  m a y  

h a v e   an  o x y g e n   a t o m ,   s u l f u r   a tom  or   a  g r o u p   of   t h e  

f o r m u l a   - S - S -   as  h e t e r o   a t o m s   in   t h e   a l k y l e n e   c h a i n ;  

p r o v i d e d   t h a t   w h e n  E   i s   a  g r o u p   of  t he   f o r m u l a ,  



t h e n   A  and   D  a r e   e a c h   a  h e p t a m e t h y l e n e   g r o u p ;  l   and   m  a r e  

e a c h   1;  B  i s   a  g r o u p   of   t h e   f o r m u l a   -CH=CH- ;   R1  i s   a  

m e t h o x y   g r o u p ;   R2  i s   a  h y d r o g e n   a t o m ;   and  R3  i s   a  h y d r o x y l  

g r o u p ;   f u r t h e r m o r e ,   w h e n   m  i s   1,  t h e n  l   i s   z e r o   or   1 ;  

and  w h e n   m  i s   z e r o   t h e n  t   i s   z e r o ] ,   p r o v i d e d   t h a t ,  

( i )   w h e n  l   i s   z e r o ,   t h e n   t h e   sum  of   n u m b e r   of   t h e   c a r b o n  

a t o m s   i n   t h e   a l k y l e n e   g r o u p s   of   A  and  D  i s   1  t o   1 2 ;  

( i i )   w h e n   B  i s   a  g r o u p   o f   t h e   f o r m u l a   - C ≡ C - ,   t h e n  

(a)  R 1  a n d   R 4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  

(b)  R2,  R3,  R 5  a n d   R   s h o u l d   n o t   be  h y d r o g e n  

a t o m s ,   f u r t h e r ,  

(c)  A  and   D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ;  

( i i i )   w h e n   B  i s   a  g r o u p   o f   t h e   f o r m u l a   - C H = C H - ,   t h e n  

(a)  in   t h e   c a s e   o f   a n y  o n e   of   R1  and   R4  i s   a  

l o w e r   a l k o x y   g r o u p ,   t h e n   o t h e r   one  s h o u l d   n o t   be  a  l o w e r  

a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   o r   a  l o w e r   a l k a n o y l o x y  

g r o u p ,  

(b)  i n   t h e   c a s e   of   a n y  o n e   of  R2  and   R5  i s   a  

h y d r o g e n   a t o m   or   a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n  

s h o u l d   n o t   be   a  h y d r o g e n   a t o m ,  

(c)  in   t h e   c a s e   o f   a n y  o n e   of   R3  and  R6  i s  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p   o r   a  l o w e r  a l k a n o   o x y  

g r o u p ,   t h e n   t h e   o t h e r   one   s h o u l d   n o t   be  a  h y d r o x y l   g r i m p  

or   a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

( d )  A   and  D  s h o u l d   n o t   be  h e p t a m e t h y l e n e   c o u p s ,  

r e s p e c t i v e l y .  

3.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  l a i m  



2,  w h e r e i n  l   i s   z e r o .  

4.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m  

2,  w h e r e i n  l   i s   1 .  

5.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m  

3,  w h e r e i n   E  i s   a  g r o u p   of  t h e   f o r m u l a ,  

w h e r e i n   R4,  R5  and  R6  a r e   t h e   same  as  d e f i n e d   a b o v e .  

6.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  

C l a i m   5,  w h e r e i n   R4  is   a  C 1 - 6 - a l k o x y   g r o u p ;   R5  i s   a  h y d r o g e n  

a t o m ,   a  C 1 - 6 - a l k o x y   g r o u p ,   a  C 1 - 6 - a l k y l t h i o   g r o u p   or   a  

h y d r o x y - C 1 - 6 - a l k y l   g r o u p .  

7.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  

C l a i m   5,  w h e r e i n   R4  i s   a  C 1 - 6 - a l k y l   g r o u p ,   an  a m i n o   g r o u p ,  

a  h y d r o x y l   g r o u p   or  a  C 1 - 6 - a l k a n o y l o x y   g r o u p ;   R   i s   a  

h a l o g e n   a t o m ,   C 1 - 6 - a l k y l   g r o u p ,   C 2 - 7 - a l k o x y c a r b o n y l   g r o u p ,  

a  g r o u p   of   t h e   f o r m u l a ;   - G - C ≡ C - R 7   ( w h e r e i n   G  and  R 7  a r e  

t h e   same  as  d e f i n e d   a b o v e ) ,   o r   a  g r o u p   of   t h e   f o r m u l a ,  



( w h e r e i n   R8,   R9  and   L  a r e   t h e   same   as  d e f i n e d   a b o v e ) ;  

R 6  i s   a  C 1 - 6 - a l k y l   g r o u p ,   an  a m i n o   g r o u p   o r   a  C 1 - 6 -  

a l k a n o y l o x y   g r o u p .  

8.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m  

6  or  7,  w h e r e i n   R1  i s   a  C 1 - 6 - a l k o x y   g r o u p ;   R2  i s   a  

h y d r o g e n   a t o m ,   a  C 1 - 6 - a l k o x y   g r o u p ,  a   C 1 - 6 - a l k y l t h i o  

g r o u p   o r  a   h y d r o x y - C 1 - 6 - a l k y l   g r o u p ;   R 3  i s  a   h y d r o x y l  

g r o u p   o r   C 1 - 6 - a l k o x y   g r o u p .  

9.  1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  

C l a i m   7,  w h e r e i n   R1  i s   a  C 1 - 6 - a l k y l   g r o u p ,   an  a m i n o  

g r o u p ,   a  h y d r o x y l   g r o u p   o r   a  C 1 - 6 - a l k a n o y l o x y   g r o u p ;  

R 2  i s   a  h a l o g e n   a t o m ,   a  C 1 - 6 - a l k y l   g r o u p   o r   C 2 - 7 -  

a l k o x y c a r b o n y l   g r o u p ;   R3  i s   a  C 1 - 6 - a l k y l   g r o u p ,   an  a m i n o  

g r o u p   o r   a  C 1 - 6 - a l k a n o y l o x y   g r o u p .  

10 .   1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  

C l a i m   4,  w h e r e i n   R1  and  R4  a r e   e a c h   a  C 1 - 6 - a l k o x y   g r o u p ,  

R a n d   R   a r e   e a c h   a  h y d r o g e n   a t o m ,   a  C 1 - 6 - a l k o x y   g r o u p  

or   C 1 - 6 - a l k y l t h i o   g r o u p   or  a  h y d r o x y - C 1 - 6 - a l k y l   g r o u p ;  

R 3  a n d   R6  a r e   e a c h   a  h y d r o x y l   g r o u p   or   a  C 1 - 6 - a l k o x y  

g r o u p .  

11 .   1 , 4 - B e n z o q u i n o n e   d e r i v a t i v e s   a c c o r d i n g   t o  

C l a i m   1,  w h e r e i n   t h e   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   o r  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f   a r e   c o m p o u n d s  

r e s p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   ( 2 ) ,  



( w h e r e i n   R11  i s   a  h y d r o x y l   g r o u p   or   a  C 1 - 6 - a l k o x y   g r o u p ;  

R12  i s   a  h y d r o g e n   a t o m ,   a  h y d r o x y l   g r o u p   or   a  C l - 6 - a l k o x y  

g r o u p ;   M,  Q  and  R13  a r e   t h e   same   as  d e f i n e d   in   C l a i m   1 ) ,  

p r o v i d e d   t h a t ,  

( i )   when  R11  i s   a  l o w e r   a l k o x y   g r o u p   or   a  h y d r o x y l   g r o u p ,  

and  R12  i s   a  h y d r o x y l   g r o u p   or   a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of   t h e   f o r m u l a   -M-Q-R13   s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   or   a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   and  R12  i s   a  h y d r o x y l  

g r o u p ,   t h e n   a  g r o u p   of  t h e   f o r m u l a   -M-Q-R13   s h o u l d   n o t   b e  

a  8 - h e p t a d e c a n y l   g r o u p .  

12.   P h e n o l   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

t h e   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e s   o r   p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t s   t h e r e o f   a r e   c o m p o u n d s   r e p r e s e n t e d   b y  

t h e   g e n e r a l   f o r m u l a   ( 3 ) ,  

[ w h e r e i n   R1,  R2,  R3,  A,  B,  l ,  D   a n d  m   a r e   t h e   same   a s  

d e f i n e d   in   C l a i m   2;  R14  and  R15  a r e   e a c h   a  h y d r o g e n   a t o m ,  

a  m e t h o x y m e t h y l   g r o u p   or  a  C 1 - 6 - a l k a n o y l   g r o u p ;   E1  i s  

a  g r o u p   of   t h e   f o r m u l a ,  



( ( w h e r e i n   R4  and   R6  a r e   t h e   same  as  d e f i n e d   i n   C l a i m   2 ;  

R16  and  R17  a r e   e a c h   a  h y d r o g e n   a t o m ,   a  m e t h o x y m e t h y l  

g r o u p   o r   a  C 1 - 6 - a l k a n o y l   g r o u p ;   R5a  i s   a  h y d r o g e n   a t o m ,  

a  h a l o g e n   a t o m ,   a  C 2 - 7 - a l k o x y c a r b o n y l   g r o u p ,   a  C 1 - 6 -  

a l k o x y   g r o u p ,   C 1 - 6 - a l k y l t h i o   g r o u p ,  a   h y d r o x y - C 1 - 6 - a l k y l  

g r o u p ,   a  g r o u p   o f   t h e   f o r m u l a   - G - C ≡ C - R 7   ( w h e r e i n   G  i s   a  

C 1 - 6 - a l k y l   g r o u p ;   and   R7  i s   a  C 1 - 6 - a l k y l   g r o u p ) ,   or  a  

g r o u p   o f   t h e   f o r m u l a ,  

( w h e r e i n   L,  R8  and  R9  a r e   t h e   same  as  d e f i n e d   i n   C l a i m   2 ;  

R18  and   R19  a r e   e a c h   a  h y d r o g e n   a t o m ,   a  m e t h o x y m e t h y l  

g r o u p   o r   a  C 1 - 6 - a l k a n o y l   g r o u p ) ) ) ,   o r   a  g r o u p   of   t h e  

f o r m u l a ,  

( w h e r e i n   R10  i s   t h e   same  as  d e f i n e d   i n   C l a i m   2 ) ,   a n d  



w h e n  l   i s   z e r o ,   t h e n   e i t h e r   one  or  b o t h   of   t h e   a l k y l e n e  

g r o u p   h a v i n g   1  to   10  c a r b o n   a t o m s   r e p r e s e n t e d   by  t h e  

s y m b o l s   A  a n d  D   may  h a v e   an  o x y g e n   a t o m ,   s u l f u r   a tom  o r  

a  g r o u p   of   t h e   f o r m u l a   - S - S -   and  h e t e r o   a t o m s   in   t h e  

a l k y l e n e   c h a i n ] ,   p r o v i d e d   t h a t ,  

( i)   w h e n  l   i s   z e r o ,   t h e n   a l k y l e n e   g r o u p s   h a v i n g   1  to   10 

c a r b o n   a t o m s   r e p r e s e n t e d  b y   t h e   s y m b o l s   A  and  D  may  h a v e  

an  o x y g e n   a t o m ,   s u l f u r   a tom  or   a  g r o u p   of   t h e   f o r m u l a  

- S - S -   as  h e t e r o   a t o m s   i n   t h e   a l k y l e n e   c h a i n ;  

( i i )   when  t h e   s y m b o l   E  i s   a  g r o u p   of  t h e   f o r m u l a  

t h e n   A  and  D  a r e   h e p t a m e t h y l e n e   g r o u p s ,   r e s p e c t i v e l y ,  

l  i s   1,  m  i s   1,  R1  i s   a  m e t h o x y   g r o u p ,   R2  i s   a  h y d r o g e n  

a t o m ,   and  R3  i s   a  h y d r o x y l   g r o u p ;  

( i i i )   w h e n  m   i s   1,  t h e n  l   i s   z e r o   or   1,  and   when   m  i s  

z e r o ,   t h e n  l   i s   z e r o ;   a n d  

( i v )   when  x  i s   z e r o ,   t h e n   t h e   sum  of  n u m b e r   of   t h e   c a r b o n  

a tom  in   t h e   a l k y l e n e   g r o u p s   of  A  and  D  i s   1  t o   1 2 ;  

(v)  when  B  i s   a  g r o u p   of  t h e   f o r m u l a   - C = C - ,   t h e n  

(a)  R 1  a n d   R4  s h o u l d   n o t   be  l o w e r   a l k o x y   g r o u p s ,  

(b)  R2,  R3,  R5a ,   R  s h o u l d   n o t   be  h y d r o g e n   a t o m s ,  

f u r t h e r ,  

( c )  A   a n d  D   s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s ,  

r e s p e c t i v e l y ;  

( v i )   w h e n  B   is   a  g r o u p   of  t h e   f o r m u l a   -CH=CH- ,   t h e n  

(a)  in   t he   c a s e   of  a n y  o n e   of  R1  and  R4  i s   a  

l o w e r   a l k o x y   g r o u p ,   t h e n   t h e   o t h e r   one  s h o u l d   n o t   be  a  

l o w e r   a l k o x y   g r o u p ,   a  h y d r o x y l   g r o u p   or  a  l o w e r   a l k a n o y l o x y  



g r o u p ,  

(b)  i n   t h e   c a s e   of   a n y  o n e   of  R2  and  R5a  i s   a  

h y d r o g e n   a tom  or   a  l o w e r   a l k y l   g r o u p ,   t h e n   t h e   o t h e r   o n e  

s h o u l d   n o t   be  a  h y d r o g e n   a t o m ,  

(c)  i n   t h e   c a s e   o f   a n y  o n e   of  R3  and  R6  i s   a  

h y d r o x y l   g r o u p ,   a  l o w e r   a l k o x y   g r o u p   or   a  l o w e r   a l k a n o y l o x y  

g r o u p ,   t h e n   t h e   o t h e r   one   s h o u l d   n o t   be  a  h y d r o x y   g r o u p  

o r   a  l o w e r   a l k a n o y l o x y   g r o u p ,   f u r t h e r ,  

(d)  A  a n d  D   s h o u l d   n o t   be  h e p t a m e t h y l e n e   g r o u p s  

r e s p e c t i v e l y .  

13 .   P h e n o l   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

t h e   b e n z e n e   d e r i v a t i v e s  o r   p h a r m a c e u t i c a l l y   a c c e p t a b l e  

s a l t s   t h e r e o f   a r e   c o m p o u n d s   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a   ( 4 ) ,  

[ w h e r e i n   R11,   R12,   M,  Q  and   R13  a r e   t h e   same  as  d e f i n e d  

i n   C l a i m   11;  R20  and   R21  a r e   e a c h   a  h y d r o g e n   a tom  o r  

m e t h o x y m e t h y l   g r o u p ] ,   p r o v i d e d   t h a t ,  

( i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   o r   a  h y d r o x y l   g r o u p ,  

a n d   R12  i s   a  h y d r o x y l   g r o u p   o r   a  h y d r o g e n   a t o m ,   t h e n   a  

g r o u p   of  t h e   f o r m u l a   - M - Q - R 1 3   s h o u l d   n o t   be  a  n - p e n t y l  

g r o u p   o r   a  t r i d e c a n y l   g r o u p ,   a n d  

( i i )   when   R11  i s   a  l o w e r   a l k o x y   g r o u p   and  R12  i s   a  h y d r o x y l  

g r o u p ,   t h e n   a  g r o u p   of  t h e   f o r m u l a   -M-Q-R13   s h o u l d   n o t   b e  



a  8 - h e p t a d e c a n y l   g r o u p .  

14.  P h e n o l   d e r i v a t i v e s   a c c o r d i n g   to   C l a i m   12,   w h e r e i n  

E1  i s   a  g r o u p   of  t h e   f o r m u l a ,  

( w h e r e i n   R16  and  R17  a r e   t h e   same  as  d e f i n e d   in   C l a i m   1 2 ;  

R 4  i s   a  C 1 - 6 - a l k o x y   g r o u p ;   R5a  i s   a  h y d r o g e n   a t o m ,   C 1 - 6 -  

a l k o x y   g r o u p   or   a  C 1 - 6 - a l k y l t h i o   g r o u p   or   h y d r o x y - C 1 - 6 -  

a l k y l   g r o u p ;   and  R6  i s   a  h y d r o x y l   g r o u p   or   a  C 1 - 6 - a l k o x y  

g r o u p )  ;  l   i s   z e r o ;   R1  i s   a  C 1 - 6 - a l k o x y   g r o u p ;   R2  i s   a  

h y d r o g e n   a t o m ,   a  C 1 - 6 - a l k o x y   g r o u p ,   a  C 1 - 6 - a l k y l t h i o  

g r o u p   or   a  h y d r o x y - C 1 - 6 - a l k y l   g r o u p ;   R3  i s   a  h y d r o x y l  

g r o u p   or   a  C 1 - 6 - a l k o x y   g r o u p .  

15.  b i s ( 2 , 5 - D i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) m e t h a n e  

16.   1 , 9 - b i s ( 2 , 5 - D i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) -  

n o n a n e  

17.   1 - ( 2 , 5 - D i m e t h o x y - 1 , 4 - b e n z o q u i n o n - 3 - y l ) - 5 -  

( 2 , 5 - d i m e t h o x y - 6 - m e t h y l t h i o - 1 , 4 - b e n z o q u i n o n - 3 - y l ) p e n t a n e  

18.   2 , 5 - b i s ( 2 , 5 - D i m e t h o x y - l , 4 - b e n z o q u i n o n - 3 - y l ) -  

p e n t a n e  

19.   P r o c e s s   f o r   p r e p a r i n g   1 , 4 - b e n z o q u i n o n e   d e r i v a -  

t i v e   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   ( 1 ) ,  



[ w h e r e i n   R1,  R2,  R3,  A,  B,  l ,   D,  m  and  E  a r e   t h e   same  a s  

d e f i n e d   a b o v e ] ,  

by  o x i d i z i n g   a  p h e n o l   d e r i v a t i v e   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a   ( 6 ) ,  

[ w h e r e i n   R l ,   R2,  R3,  B,  l ,   D  and  m  a r e   t h e   same  as  d e f i n e d  

a b o v e ;   and  E3  i s   a  g r o u p   of   t h e   f o r m u l a ,  

( ( w h e r e i n   R4  and  R6  a r e   t h e   same  as  d e f i n e d   a b o v e ;  

R5c  i s   a  h y d r o g e n   a t o m ,   a  h a l o g e n   a t o m ,   a  l o w e r   a l k y l  

g r o u p ,   a  l o w e r   a l k o x y   g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l   g r o u p ,  

a  l o w e r   a l k y l t h i o   g r o u p ,   a  h y d r o x y - l o w e r   a l k y l   g r o u p ,   o r  

a  g r o u p   of  t h e   f o r m u l a   - G - C ≡ C - R 7   ( w h e r e i n   G  and  R 7  a r e  

t h e   same  as  d e f i n e d   a b o v e ) ,   or   a  g r o u p   of  t h e   f o r m u l a ,  



( w h e r e i n   L,  R8  and  R9  a r e   t h e   same  a s  d e f i n e d   a b o v e ) ) ) ,  

w i t h   an  o x i d i z i n g   a g e n t .  

20.   P r o c e s s   f o r   p r e p a r i n g   1 , 4 - b e n z o q u i n o n e   d e r i v a t i v e  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   ( 2 ) ,  

[ w h e r e i n   R11,   R12,  R13,   M  and  Q  a r e   t h e   same  as  d e f i n e d  

a b o v e ] ,  

by  o x i d i z i n g   a  p h e n y l   d e r i v a t i v e   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a   ( 8 ) ,  

[ w h e r e i n   R11,  R12,  R13,  M  and  Q  a r e   t h e   same  as  d e f i n e d  

a b o v e ] ,  

w i t h   an  o x i d i z i n g   a g e n t .  

21.  5 - L i p o x y g e n a s e   i n h i b i t o r   c o n t a i n i n g   1 , 4 -  



b e n z o q u i n o n e   d e r i v a t i v e   o r   b e n z e n e   d e r i v a t i v e   c l a i m e d   i n  

C l a i m   1  as  t h e   a c t i v e   i n g r e d i e n t .  

22 .   An  a n t i a s t h m a t i c   a g e n t  c o n t a i n i n g   1 , 4 - b e n z o q u i n o n e  

d e r i v a t i v e   o r   b e n z e n e   d e r i v a t i v e   c l a i m e d   in   C l a i m   1  as  t h e  

a c t i v e   i n g r e d i e n t .  
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